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Chapter 1 
GENERAL INTRODUCTION 
This introduction will first give a short survey of some general aspects 
of aging and the role of the neuroendocrine system in the aging process. 
This will be followed by a general description of the pituitary gland of 
the rat and the prolactin (PRL) cells located therein. Finally, the aim 
and scope of this thesis will be outlined. 
1.1 AGING AND THE RDLE OF THE NEURÜENDOCRINF SYSTEM 
Aging can be regarded broadly as a progressive, irreversible 
change of the organism, from conception until death, or as the involution 
of the organism as a function of time (Grmek 195Θ, cited in Everitt 
1976a). The involution phase refers to the term 'senescence'. Most 
gerontologists favor the narrow view of aging as an involutionary process 
(Everitt 1976a). According to Sobel and Marmorston (1958) the aging 
process must be measurable, irreversible, representative not only for one 
organ but for the individual as a whole and its symptoms should also be 
found in situations of abnormal, accelerated aging like the syndrome of 
progeria. Strehler (1962) defined aging as "the changes which occur 
generally in the post-reproductive period and which result in a decreased 
survival capacity on the part of the individual organism". The same 
author stated that aging is a general process of changes in older 
individuals of a population. According to Rockstein et al. (1977) aging 
should be considered as "any time-dependent change which occurs after 
maturity of size, form or function is reached and which is distinct from 
daily, seasonal, and other biological rhythms". Summarizing, Fventt 
(1976a) stated that, "aging or senescence is defined as a progressive 
deterioration of the organism after maturation, which increases the 
probability of death". 
Several aging theories exist, generally to be divided into two 
main groups: Random Theories and Control Theories (Lints, 1971; for 
review see Hay flick, 1985). In Random Theories it is suggested that 
randomly occurring and accumulating cell damage is responsable for cell 
death and finally for the death of the individual. In Control Theories it 
is suggested that aging is under control of both the genome and the 
environment. The genetic control is thought to be partly mediated by 
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neural and neuroendocrine regulatory systems (Fventt 1973). Fnviron-
mental influences, operating via the neuroendocrine system, also con-
tribute to aging of body functions, including those of the neuroendocrine 
system (for review: Meites 1987). Within the neuroendocrine regulatory 
systems, the "hypothalamus-pituitary system" is the main regulatory axis, 
which is therefore considered to play a role in the aging process 
(Comfort 1964), in addition to its regulating role in maintaining the 
"milieu interieur" and in many other physiological processes. This role 
might be effected via changes in the threshold of hypothalamic sensi-
tivity to feedback of hormones (Aschheim 1976; Riegle 1976). Primary age-
related changes in the hypothalamus modify the secretion of hormones by 
the pituitary gland and thus influence peripheral aging (Eventt 1976b). 
Fventt (1976c) found that hypophysectomy in the young rat retarded a 
number of age-related changes and inhibited the development of age-
related pathology, but shortened the life span. The life span, however, 
could be restored by cortisone treatment. Thus it was stated by this 
author that the pituitary itself secretes both aging and life-maintaining 
factors and is essential for a normal life span. However, it is not clear 
whether the altered endocrine stdtus in older individuals (e.g female 
reproductive senescence) is caused primarily by changes in the hypo-
thalamus-pituitary axis or by primary aging of the target glands. The 
normal phenomena of aging (eugenc changes) can be distinguished from 
pathological (pathogène) changes (Finch 1972). Eugene phenomena occur 
in all mammalian populations and are not the result of unusual diseases, 
toxicants, or diets (Finch 1977). 
In this thesis the results are reported of an aging study on the 
pituitary qland, in particular on one of its endocrine cell types, the 
prolactin (PRL) cells. The PRL cells were chosen for this study, because 
age-related changes of plasma PRL levels and the development of PRL-
secreting pituitary tumors are common findings in rat and man. Both 
eugenc and pathogène changes were studied. 
1.2 THL PITUITARY GLAND 
The pituitary gland is an endocrine gland located at the base of 
the brain and attached to the brain with a slender stalk. In the rat it 
can be divided into the pars nervosa (part of the neurohypophysis) , and 
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the adenohypophysis consisting of the pars intermedia and the pars 
distalis (Fig. 1.1). The pars distalis (human: anterior lobe) is 
separated From the pars intermedia by a cleFt, thought to be a vestige oF 
Rathke's pouch. The pars intermedia is located contiguous to the par-ì 
nervosa (human: posterior lobe). 
(a) 
Fig. 1.1 Diagram of midsagiltal section (a) end dorsal view of the pituitary gland 
of the rat. represents pars nervosa, Щ;.; represents pars intermedia and 
represents pars distalis. 
The hormone-producing cell types are located in tha adenohypophysis. 
Cells producing melanotropic hormone (MSH) are located in the pars inter­
media, whereas cells producing adrenocorticotropic hormone (ACTH), 
follicle stimulating hormone (FSH), luteinizing hormone (tH), thyrotropic 
hormone (TSH), growth or somatotropic hormone (GH) and luteotropic 
hormone or prolactin (PRL) are located in the pars distalis. In the pars 
distalis, the glandular cells are arranged in epithelial cords inter­
spersed by agranular or Follicular cells. The role oF the latter is still 
hypothetical; probably they participate in transport and communication 
between glandular cells. Capillaries penetrate between the epithelial 
cords oF the adenohypophysial cells and distribute chemical messengers 
that regulate their function and collect secretory products From the 
cells. These capillaries Form the so-called secondary plexus and are 
connected with the primary plexus located in the median eminence. Both 
plexus participate in the portal blood system. For the greater part the 
blood flows in the direction of the pituitary gland, but evidence for 
retrograde blood flow in the pituitary stalk is present (for review see 
Flerko, 1980). 
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1.3 PROLACTIN TELLS AND PROLACTIN 
1.3.1 Prolactin cells 
As a result of the chemical variety of the secretory products of 
the hormone-producing cell types in the pars distalis, it is possible to 
divide the cell types, according to their cytoplasmic staining proper-
ties, into basophilic and acidophilic cell types. FSH, LH, TSH, and ACTH 
cells belong to the category of basophilic cell types. PRL and GH cells 
belong to the category of acidophilic cell types. A clear distinction 
between these two cell types is only possible by the use of immunocyto-
chemical staining. PRL cells are located throughout the entire pars 
distalis and have been identified in rat fetuses from day 16 on by Sétálii 
and Nakane (1972). At the electron-microscopic level PRL cells are 
characterized hy the large size of their, often irregularly shaped, 
secretory granules, in both male and female rats. However, indirect and 
direct immunocytochemical staining procedures recently have also revealed 
the presence of PRL cells with smaller, round secretory granules. Thus, 
in light- and in electron-microscopic studies additional immuno-cyto-
chemical techmgues are reguired to identify the PRL cells. 
1.3.2 Prolactin 
The hormone PRL consists of a single polypeptide chain of 198 
amino acids and has a molecular weight of 23,000 as calculated from the 
amino acid seguence of rat PRL (Nicoli et al. 1986). 
It has diverse functions in different species. In female rats, it 
promotes the secretion of progesterone by the corpus luteum during the 
estrous cycle of the ovary, and it plays a role during pregnancy, deliv-
ery and lactation. In male rats, PRL stimulates the increase of 38- and 
17B-hydioxy steroid dehydrogenases (enzymes involved in testosterone bio-
synthesis), enhances spermatogenesis and growth, and activates accessory 
sex tissues via increase of testosterone levels (Hafiez et al., 1971). 
1.3.3 Regulation of prolactin secretion 
Enjalbert et al. (1977) concluded that because of the multiple 
functions of PRL it is not unreasonable to suppose that PRL regulation is 
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under control of many regulatory factors. Indeed, the last decade the 
literature revealed many different substances (as for instance neuro-
transmitters, opioid peptides, neuropeptides, steroid hormones) that 
affect PRL release. PRL secretion is mainly regulated by hypothalamic PRL 
inhibiting and PRL releasing factors (PIF's and PRF's, respectively). The 
major PIF is dopamine (DA; for review see Ben-Jonathan, 1985). Other 
inhibitory factors are glucocorticoids (Fang and Shian, 19B1) acting via 
a longloop feedback, and PRL itself, that acts via a shortloop (Advis et 
al. 1977) or even an ultra shortloop feedback mechanism. A releasing 
function is ascribed, to among others, thyrotropin-releasing hormone 
(TRH). The neurotransmitter serotonin (5-HT) may affect the secretion of 
PRL by stimulating the release of a PRF (probably vasointestinal peptide, 
VIP) or by inhibiting the secretion of the inhibiting factor, DA. 
Recently, the effect of 5-HT on the release of PRL was studied in vitro 
and it was demonstrated that 5-HT may stimulate the release of PRL by 
acting directly on the pituitary (Apfelbaum, 19B7). 5-HT plays a role in 
the female rat during lactation and stimulates maternal behaviour. 
Gonadal steroids, estrogen (Pantic and Genbacev, 1972) and testosterone 
(Kalra et al. 1973; Shin et al. 1974; Herbert et al. 1977), also exhibit 
a stimulatory effect. External factors that influence PRL secretion are 
fasting (Kuhn et al. 1985), stress (Mattheij and van Rijkeren, 1977), 
suckling (Chang and Nikitovitch-Winer, 1976), and circadian and annual 
rhythms (Mattheij and Swarts 1978; Mondain-Monval et al 1985). The main 
factors, involved in the stimulation and inhibition of PRL secretion are 
summarized in Fig. 1.2. (p^ge 16). 
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Fig. 1.2 Main PRL-stimuleting and inhibltinq factor4. 
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1.4 PROLACTIM AND AGING IN THE RAT 
Increased levels of plasma PRL during aging have been described 
for the female as well as for the male rat. 
In general, increased PRL levels have been abcnbed to: 
- deterioration of the hypothalamic dopaminergic inhibiting system 
(Takahashi et al. 1980), ач a result of impairment of the synthesis, 
release, turn-over or transport of DA by the tuberoinfundibular neurons 
in the median eminence (Simpkins et al. 1977; Demarest et al. 1980; 
Gudelsky et al. 1981; Sarkar et al. 1983) and/or a decreased sensi­
tivity of the DA-receptors on the prolactin cells in the pars distalis 
(Demarest et al. 1984, 1985); 
- increabed levels of 5-HT (Simpkins et al. 1977); 
- changes in gonadal steroid levels (Steger 1981; Takahashi and Kawashima 
1903); 
- the occurrence of prolactin-producing pituitary tumors (Ito et al. 
1972). 
For the male rat, increasing (Simpkins et al. 1977) as well as non-
changing plasma PRL levels (Shaar et al. 1974) have been described during 
aging. However, in these reports, the PRL levels of only two age-groups 
have been compared and no information about their maximal life span has 
been given. Moreover, in most studies on PRL levels during aging, plasma 
PRL levels have been measured but pituitanes of the same animals have 
not been studied histologically. Histological study of the pituitary is 
necessary to check whether an (age-related) PRL-producing tumor (pro­
lactinoma) is present that might cause the increased PRL levels (not 
excluding the possibility that increased PRL levels ultimately lead to 
the induction of tumors). If no tumor can be detected, increased PRL 
levels may be the result of the aging process itself. For the female rat, 
age-related increased plasma PRL levels as well as increased pituitary 
tumor incidences have been described, but not always in the same study. 
Tumor incidences, however, differ markedly from strain to strain and from 
cohort to cohort. Thus, for correlating both parameters it is necessary 
to study plasma PRL levels and tumor incidence in animals from the same 
aging cohort and preferably in the same animal. 
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1.5 AIM AND SCOPE Oh THIS THESIS 
The aim of this study is to establish whether or not 
- plasma PRL levels increase during aging in the male as well as in the 
female rat; 
- increased plasma PRL levels are directly related to the occurrence of 
prolactinomas; 
- the PRL-cell volume in the pituitary and/or the ultrastructure of the 
PRL cells reflect the plasma PRL levels; 
- the PRL-cell volume and/or ultrastructure of PRL cells changes during 
aging; 
- the regulation of PRL release changes during aging; 
For the study of prolactin cells in the pituitary during aging, an aging 
cohort of male Wistar rats was maintained in the Central Laboratory for 
Animals of the university of Nijmegen. For supplementary experiments, 
additional male and female rats from other strains were derived from 
other laboratoria. Chapter 2 gives a survey of the sources of the animals 
and of the most important standard methods that were used. Additional 
data such as the survival curve and pituitary tumor incidence of the male 
Wistar rats are given in this Chapter. Since pituitanes of aged rats 
from the aging colony of the Institute for Experimental Gerontology 
(IVEG) in Rijswijk, were available, we could determine beforehand the 
outline of the aging study of the male Wistar rats. The results of this 
'pilot' study are reported in the Chapters 3 and 4. Chapter 3 gives the 
serum PRL levels of male and female rats without macro- or microadenomas 
of three different strains during aging. The pituitary glands of the same 
animals were studied light- and electron-microscopically. The PRL levels 
of animals with normal pituitanes were studied seperately from PRL 
levels of animals with hyperplastic pituitanes. Chapter 4 describes 
pituitary adenomas of male and female rats of the same three strains, 
studied lightmicroscopically and using adjacent sections, immunocyto-
chemically stained with anti-r-PRL, anti-h-GH and anti-ACTH. Light-
microscopical results were related to sex, strain, age and serum PRL 
levels of the same animals. In Chapter 5, light- and electron-microscopic 
results of the study of the PRL cells and of plasma PRL levels in male 
Wistar rats during aging are reported. Light- and electron-microscopic 
results were obtained from the same pituitary by dividing the gland into 
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two halves. Special attention was paid to non-neoplastic pituitaries. To 
establish the extent of ultrastructural differences of the PRL cells 
during aging found in this study, additional quantitative data of the PRL 
cells were needed. To that end whole partes distales of three age-groups 
of male Wistar rats were subdivided into 5 parts and used for calculation 
of PRL-cell volume densities and estimation of the distribution of four 
different PRL-cell types in an immuno-electron-microscopic study. The 
results of this quantitative study are presented in Chapter 6. Bio­
chemical data obtained from pituitary homogenates by SDS-polyacrylamide 
gelelectroforese and the results of immunoblotting of some of these gels 
are described in Chapter 7. To investigate whether the PRL release by the 
four different PRL cell types (Chapter 6) differs from one type to 
another, the rate of exocytosis of the cells was studied. To that end a 
new method had to be developed, which combined the "tannic acid" method 
for the visualization of exocytosis with the immunocytochemical protein 
Α-gold labeling for cell recognition. In Chapter 8, it is demonstrated 
that this combination results in the identification of the material 
released by exocytosis. An application of this method for the PRL cells 
of young and aged Wistar rats is presented in Chapter 9. To study the 
dopaminergic regulation of PRL secretion in young and aged male rats a 
physiological experiment was carried out. Rats were treated with the 
dopamine-agonist apomorphine, and the ultrastructure of the PRL cells and 
the plasma PRL levels were studied. The results of this experiment are 
described in Chapter 10. Finally, in Chapter 11 the results of this study 
are discussed and the main conclusions are summarized. 
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Chapter 2 
ANIMALS ANO STANDARD METHODS 
2.1 ANIMALS 
This thesis is based on studies of rat pituitanes obtained from 
1. the Institute of Experimental Gerontology (IVEG) in Rijswijk (2.1.1), 
2. the Central Animal Laboratory in Nijmegen (2.1.2) and 3. the Central 
Institute for the Breeding of Laboratory Animals (СРВ) in Austerlitz 
(2.1.3). 
2.1.1 Pituitanes from aging cohorts of rats of the Institute for 
Experimental Gerontology (IVEG) in Rijswijk. 
A total of 151 pituitanes was obtained from male and female rats 
of the BN/BiRij strain, the WAG/Rij strain and their F1 hybrid (WAG X 
BN)F1. All rats were killed by ether-anesthesia when found moribund. 
Following standard procedures of the IVEG, blood was collected by orbital 
sinus puncture. Pituitanes were divided into two halves. One half was 
fixed by immersion in Bouin-Hollande sublimate (BHS; without acetic acid) 
for lightmicroscopy (for several weeks), the other in a sodium-
cacodylate-buffered mixture of 2% glutaraldehyde and 2% paraformaldehyde 
(for two hours) for electron microscopy and kept in the buffer until 
further processing. Pituitanes with and without grossly visible tumors 
were collected. Sera for the determination of PRL levels were kept at 
-гО'С. Pituitanes in BUS or in sodium-cacodylate buffer and frozen serum 
samples were delivered in Nijmegen and there further treated according to 
the standard methods described under 2.2. The results obtained from this 
material are described in the Chapters 3 (pituitanes without tumors) and 
4 (pituitanes with tumors). 
2.1.2 Pituitanes derived from aging cohorts of male Wistar rats in 
Nijmegen. 
In order to study groups of rats during their entire life span, 
an aging colony of male Wistar rats was started in Nijmegen. An arbitrary 
choice was made to study 10 rats (with tumor-free pituitanes) per age-
group. This experimental design offers the advantage that different age-
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groups of rats of the same strain, kept under similar conditions, can be 
compared with each other. In a way this study can be considered to be 
longitudinal as well as cross-sectional, the necessity of which was 
emphasized by Curcio et al. (1984). 
The fact that the incidence of PRL-producing pituitary tumors 
(prolactinomas) increases during aging implicated the need for a 
sufficient number of young, immature rats to start with, to secure that 
at least ten animals without macroscopically visible pituitary tumors 
would be available for each age-group, including the group of rats, that 
eventually formed the group of the highest age. Therefore, to determine 
the number of rats that was needed for this study, predictory calcu­
lations were done before the start of the study. These calculations were 
based on pituitary tumor incidences reported for male rats of the Cpb:WU 
strain by Mullink (1984) and for male rats of the WAG/Rij strain (Rurek 
1978). 
Husbandry conditions 
All rats were obtained from the Central Institute for the Breeding of 
Laboratory Animals TNO (СРВ) in Austerlitz. They arrived in four groups 
of 262, 265, 227 and 289 three-week-old rats during four subseguent 
weeks. These four groups were considered as four cohorts (cohort 1,2,3 
and 4, respectively). A cohort is defined as a group of animals of the 
same strain, sex and age introduced in the aging colony at the same 
time. The rats were housed in two adjacent animal rooms in a barrier-
maintained colony m the Central Animal Laboratory of the Faculty of 
Medicine and Dentistry in Nijmegen. The animals were kept with a number 
of 15 to 17 per cage at a temperature of 21 * 1eC, a relative humidity of 
60-651o and a lighting schedule of 12 h light and 12 h darkness (lights on 
at 7.00 am and off at 7.00 pm). They were fed a RMHGS diet ad libitum 
(Hope Farms, Woerden, the Netherlands). All cages were numbered and were 
systematically replaced in the room every two weeks according to a shift-
system. 
Selection of experimental animals 
For the study of the effect of aging on PRL cells in the pituitary and 
plasma PRL levels, every 2 to 3 months, throughout the duration of the 
total life span, from cohort 4 a group of ten rats (or more if pituitary 
tumors were expected) was chosen at random by using a lottery table. If 
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at the moment of dissection a macroscopical pituitary tumor was present, 
additional rats were sacrificed in order to obtain a group of ten rats 
without macroscopic pituitary tumors. The results of this study are given 
in Chapter 5. An additional number of rats was withdrawn from the three 
other aging cohorts at different times during the life span for studies, 
in which three age-groups were compared (Chapters 6, 7, 9, 10). 
After the age of approximately 20 months the mortality rate 
increased. Froii that moment on, rats with subcutaneous tumors or other 
visible disorders were sacrificed when found moribund. From these rats 
body weights, plasma PRL levels and light-microscopical data of the 
pituitanes were collected and compared with those of the healthy rats 
(Chapter 5). A part of the rats that died spontaneously (animals lost by 
cannibalism or autolysis were excluded) were weighed and examined for the 
presence of a pituitary tumor. The survival curves of the four cohorts 
were established and the pituitary tumor incidence was calculated for 
dead rats, for the population at risk, and for randomly killed rats. 
Survival curve 
Before presenting the survival curves of the four aging cohorts a short 
introduction about the need for the calculation of survival curves will 
be given. 
Longevity is strain- and sex dependent and is influenced by 
husbandry conditions (Hollander 1976), diet (Mullink 1904; Ross et al. 
1976) and breeding (Paget and Lemon 1963). Even a time-dependent 
variation in longevity within the same strain can occur (Curcio et al., 
19Θ4). Thus, before defining the young, adult and aged individuals in a 
population it is necessary to collect complete survival or mortality data 
(Comfort 1964; Kohn 1971; Walford 1976). Comfort (1964) discussed the 
need for a complete survival curve and stated that the phase of 
senescence is reached at the moment that the curve shows a bend that is 
followed by a rapid decline in number of surviving animals. Walford 
(1976) defined old mice as those that are older than the 50°ο survival 
age. Zürcher et al. (1982) extended this definition with the following 
conditions: the survival curve of the population from which the animal is 
derived must show a more or less rectangular shape and the animals that 
die must exhibit multiple pathological changes. The most appropriate way 
to construct a survival curve is the cohort system, from which no animals 
are removed for experimental use. However, survival data can also be 
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Fig, 2.1 Survival curves оГ cohort 1,2,3 end 4, Note the 50% survival age. 
Fig. 2.2 Mean (± SEM) survwal curve of the cohorts 1,2, and 3. 
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derived from cohorts which are partially used for experimental purposes, 
under the condition that removed animals are taken into account. For the 
calculation of the survival curve, time intervals must be chosen (removed 
animals are subtracted at the start of each new interval), and the 
following equation (Zürcher et al. 1982) can be used: 
% survival No. at risk at No. dead 
at end of start of interval - during interval °ί survival at end of 
interval = χ preceding interval 
No. at risk at start of interval 
For the calculation of the survival curve of the male Cpb:WU rats of this 
study this equation was used. Differences in survival among the four 
cohorts were analyzed and tested by life table methods (Cox, 1972). Both 
the calculation of the survival curves and the statistical comparison of 
these curves were carried out with the use of a computer program in BASIC 
developed by Ruijter (1987). For the calculation of the survival curves 
of the four cohorts an interval of 5 weeks was chosen. From both, cohort 
1 and 2, 25 rats were used for additional experiments. From cohort 3, 36 
and from cohort 4, 124 rats were used for both the systematic age study 
and for additional experiments. The survival curves of the four cohorts 
are presented in Fig. 2.1. No significant differences were found between 
the curves of cohort 1, 2, and 3. The mean survival curve of these 
cohorts is given in Fig. 2.2. The mean 50Dó survival age was 28 months. 
The survival curve of cohort 4 differed significantly from the curves of 
cohort 1, 2, and 3 (Fig. 2.1). The 50% survival age of this cohort was 
27 months instead of 28 months. For the same strain a mean 50οό survival 
age of 30 months was found by Mullink (1984) for rats kept on two 
different diets. In the latter study, only rats with severe clinical 
signs of disease or rats which had died spontaneously were removed. The 
lower 50?ó survival age in our study nas probably caused by disturbance of 
the cohort by removing healthy rats for experimental use. The probability 
of such an effect was clearly demonstrated in our cohort 4 from which 124 
healthy animals were removed and the 50°ί survival age was lowered with 1 
month. This finding is in contrast to the conclusion of Mos and Hollander 
(19B7) that removing rats for experimental use does not change the 50οή 
survival age. 
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Pituitary tumor incidence in the aging male Wistar rat 
The age-associated pituitary tumor incidence was calculated by using life 
table techniques described by Sachs (1959). The calculations that were 
used were similar to those of Burek (1978), who estimated pituitary 
tumor incidences in male rats of the WAG/Rij strain. These calculations 
were based on the number of rats with a pituitary tumor (rats that died 
spontaneously or were killed when found moribund) at the end of a inter-
val divided by the number of rats that was alive at the beginning of a 
time interval; this ratio was multiplied by 100 to yield the percentage. 
Each percentage reflects the risk that a rat with a pituitary tumor died 
at that age and is given as the percentage of the population at risk (T°ó 
in population at risk). The percent of pituitary tumors in rats that died 
spontaneously or that were killed when found moribund during each inter-
val is given as the tumor percentage in dead rats (T0ii in dead rats). 
However, the real incidence of pituitary tumors in a population can be 
determined only by killing animals at different ages (T0Ó in killed 
rats). Calculations were done with the following equations: 
number of dead rats with pituitary 
ΤΊί in population at risk = 100?ί χ tumor at end of interval 
no of rats alive at the beginning 
of interval 
no of dead rats with pituitary 
T0í in dead rats = 100" χ tumor at end of interval 
no of rats that died during interval 
no of killed rats with pituitary 
Τ"ο in killed rats = 100οί χ pituitary tumor at end of interval 
no of killed rats during interval 
We compared these three percentages counting 1. macroscopic pituitary 
tumors and 2. microscopic and macroscopic pituitary tumors. Results 
concerning macroscopic tumors (from rats that were found dead, killed 
when found moribund or randomly killed) are presented in Table 2.1 and 
the Figs 2.ЗА (5-week-intervals) and 2.3B (ó-month-intervals). Results of 
the micro- and macroscopic tumors (moribund and randomly killed rats) are 
given in Table 2.2 and the Figs. 2.4A (5-week-intervals) and 2.4B (6-
month-intervals). 
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TABLF 2.1 LUÍ. TABLE OF MALE WISTAR RATS AND THE PRESENCE OF 
MACROSCOPIC PITUIfARY ADENOMAS 
5-week Lotal no rats total no* rats total no rats la Τ in % Τ in 
inter- alive at start dying during with pituitary dead population 
val of interval interval tumor rats at risk 
1 
2 
0 
0 
0 
2 
2 
5 
11 
9 
9 
30 
39 
43 
45 
45 
19 
18 
11 
11 
7 
1 
For comparisons with the data of Burek (1978) the same data are presented 
in intervals of 6 months: 
51- 55 
56- 60 
61- 65 
66- 70 
71- 75 
76- 80 
81- 85 
86- 90 
91- 95 
96-100 
101-105 
106-110 
111-115 
116-120 
121-125 
126-130 
131-135 
136-140 
141-145 
146-150 
151-155 
156-160 
310 
309 
307 
307 
307 
307 
305 
303 
298 
287 
278 
269 
239 
200 
157 
112 
67 
48 
30 
19 
8 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
2 
5 
6 
7 
10 
15 
8 
5 
7 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
22 
17 
15 
16 
22 
33 
42 
28 
64 
36 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 . 3 
0 
0 . 7 
1.8 
2 . 5 
3 .5 
6 . 3 
13.3 
11.9 
10.4 
23.3 
21.0 
0 
0 
7-12 
13-18 
19-24 
25-30 
31-36 
36 
310 
309 
305 
269 
67 
1 
1 
4 
36 
202 
59 
1 
0 
0 
1 
43 
24 
0 
0 
0 
2.7 
21.2 
40.6 
0 
0 
0 
0.3 
15.9 
35.8 
0 
No of rats that were found dead or were killed when found moribund. 
The percentages of macroscopic tumors in dead rats and in the population 
at risk increased with age till the age of 145 weeks (Table 2.1 and 
Figs. 2.ЗА and 2.3B). Fig. 2.ЗА shows that this increase is discontinuous 
at the age of 140 weeks. In rats older than 150 weeks no macroscopic 
tumors were found. In randomly killed rats, the percentages of macro­
scopic tumors were rather constant. If the same data are presented in 
intervals of 6 months a continuous age-related increase in the presence 
of macroscopic pituitary tumors is observed (Fig 2.3B); the increase of 
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ГАЕМ E 2.2 LIFL TAÖLF ОГ MALE WISFAR RATS AND THE PRESENCE 
OF MICRO-AND MACROTUMORS 
5-week total no rats total no* rats total no rats "ί Τ in "¿Γ in 
inter- alive at start dying during with pituitary dead population 
val of interval interval tumor rats at risk 
5 1 - 55 
56- 60 
6 0 - 65 
6 6 - 70 
7 1 - 75 
76- 80 
9 1 - 95 
86- 90 
9 1 - 95 
96-100 
101-105 
106-110 
111-115 
116-120 
121-125 
126-130 
131-135 
136-no 
П 1 - П 5 
П6-150 
151-155 
216 
215 
215 
213 
213 
213 
212 
210 
206 
195 
186 
181 
157 
129 
103 
73 
43 
31 
17 
13 
7 
1 
2 
0 
0 
0 
1 
2 
4 
11 
9 
5 
24 
29 
26 
30 
30 
12 
14 
4 
6 
7 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
5 
7 
5 
10 
13 
9 
5 
4 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
9 
11 
40 
21 
25 
19 
33 
43 
75 
36 
100 
50 
43 
0 
0 
0 
0 
0 
0 
0 
0 
0.5 
0.5 
1.1 
2.8 
4.5 
4 
10 
19 
21 
16 
24 
23 
43 
For comparisons with the data of Burek (1978) the same data are presented 
in intervals of 6 months: 
7-12 
13-18 
19-24 
25-30 
31-36 
216 
215 
212 
181 
43 
1 
3 
31 
138 
43 
0 
0 
4 
40 
24 
0 
0 
13 
28.9 
55.8 
0 
0 
1.8 
22 
55.8 
No of rats that were killed when found moribund. 
the tumor percentage in dead rats was parallel to the increase of tumor 
percentage in the population at risk. In randomly killed rats, tumor 
percentages were found between those found in dead rats or in the 
population at risk till the age of 25-30 months. In the oldest rats the 
percentage found in randomly killed rats was lower than in dead rats or 
in the population at risk. 
The percentages of micro- and macrotumors showed a similar age-
related increase. However, a percentage of 43°ó was reached in the oldest 
rats (Fig. 2.4A). The percentages found in the randomly killed rats were 
rather constant during aging. Again, a continuous age-related increase 
30 
91 101 UI 121 131 UI 151 
95 105 115 125 135 145 155 
age (m 5-week-intervals) 
19 25 31 
24 30 36 
age (m 6-month-intervals) 
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m a c r o t u m o r s 
90 
TO­
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30 
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10 
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95 105 115 125 135 145 155 
age (in 5-week-intervals) 
1 1 
19 25 31 
24 30 36 
age (in 6-month-intervals) 
Fig. 2.3 (left) The percentage of macrotumors in rats that were found 
dead or were killed when found moribund ( О ), in the population at risk 
( · ) and in randomly killed rats ( Δ ). 
A = in 5-week-interval3 
В = in 6-month-intervals 
Fig. 2.4 (right) The percentage of micro- and macrotumors in rats that 
were killed when found moribund ( О ), in the population at risk ( · ) 
and in randomly killed rats (Л ). 
A = in 5-week-intervals 
В = in 6-month-intervals 
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was found if percentages were given in intervals of 6 months (Fig. 2.4B). 
It is concluded that the age-related increase of pituitary tumor 
incidence is attended by fluctuations in the tumor percentages. These 
fluctuations can only be found by using small intervals as is shown by 
comparing intervals of 5 weeks with intervals of 6 months. 
2.1.3 Pituitanes from rats of the Central Institute for the Breeding 
of Laboratory Animals (СРВ). 
For comparing rats of two or three different ages at the same 
time, a group of male Wistar (Cpb:WU) retired breeders (6-9 months old) 
was kept apart and used from the moment they were 15 months old.Results 
from these rats and from older virgin rats of the age cohort were 
compared to young mature virgin rats of 3 months old. The young rats were 
used as references and could be obtained when reguired. The use of 
retired breeders as middle-aged group was allowed because no morpho­
logical differences in the PRL cells or in the plasma PRL levels between 
the retired breeders and the virgin rats from the age-cohort could be 
established (Chapters 6, 7, 9, 10). 
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2.2 MFTHODS 
2.2.1 Determination of plasma prolactin levels. 
Anesthetization by ether is known to cause dramatic increases of 
plasma PRL levels, especially in young rats (Chi and Shin 1978; Wiggins 
et al. 19Θ3). Therefore all male Cpb:WU rats used in the different 
experiments were sacrificed by decapitation. Decapitation was carried out 
between 9.00 and 12.00 h to limit the influence of the circadian rhythm 
of PRL (Mattheij and Swarts 1978; Damassa et al. 1980) on the results. 
Trunk blood was collected and centnfuged. The plasma was stored at -
IQ'C until assay. Plasma PRL levels in 5 to 10 serial 1:2 dilutions were 
measured using a NIADDK rat PRL radioimmunoassay (RIA) kit by Dr. J.A.M. 
Mattheij, Dept. of Animal Physiology, Agricultural University, 
Wageningen, the Netherlands. 
Plasma samples of each experiment were measured in a single RIA run to 
limit interassay Vdnation. All results are expressed in ng/ml. 
2.2.2 Light-microscopic fixation and immunocytochemistry of the 
pituitary gland. 
(Hemi)pituitaries were fixed by immersion in Bouin-Hollande 
sublimate without acetic acid. 
After 48 h of fixation, the tissues were washed, dehydrated and embedded 
in paraplast. Four pm thick serial sections were cut and every 50th 
section was mounted on a glass slide. Various histological stainings 
(Herlant 1956; Brookes 1968) were carried out. However, with none of 
these classical histological staining techniques it was possible to 
recognize the PRL cells. For that reason pituitary sections were stained 
with an antiserum raised against rat PRL by Dr. J.A.M. Mattheij. After 
treatment with lugol and 0.25οό sodium thiosulphate to remove the 
sublimate, and hydrogenperhydrate to minimize endogeneous peroxidase 
activity the following immunocytochemical procedure was used: 
1. Phosphate buffered saline (PBS; pH 7.4) at room temperature 3X5'; 
2. normal goat serum (NGS; 1:30) in PBS and 0.145 tnton 5'; 
3. anti-r-PRL (PRL-K-IV-1) in PBS (1:800) at ¿i°C 18 h; 
4. rinse in PBS; 
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Ь. NGb in PBS and 0.П triton (1:30) 3X5'; 
é. goat-anti-rabbit (GAR) Iqg (Fc) (Nordic) in PBS (1:30) 30'; 
7. rinse in PBS; 
Θ. NGS in PBS and Ο.Γί triton (1:30) 5'; 
9. rabbit peroxidase-anti-peroxidase (PAP; Dakopatts) in PBS 
(1:90) at ¿іаС 30'; 
10. PBS at room temperature 3X5'; 
1 1 . 0.02οί diamine benz id ine (DAB; Sigma), 0.001°; H2O2 i n 0.Π5 M 
T r i s (pH 7.6) 1 5 ' ; 
12. rinse in aqua dest. 3X5'; 
13. dehydrate, rinse in xylol and embed in Entellan. 
Several control methods were used: 
1. omitting the first antibody 
2. replacing the first antibody by normal rabbit serum 
3. staining with adsorbed first antibody; liguid phase adsorption with 
purified rat PRL from the MIADDK, Bethesda, USA was used. 
4. (staining with anti-r-PRL from the NIADDK) 
2.2.3 Electron-microscopic fixation of the pituitary gland. 
After fixation of the (hemi)pituitaries in a 0.1 M sodium-
cacodylate (pH 7.4) buffered mixture of equal parts of 4°; glutaraldehyde 
and 40ó paraformaldehyde for 1 h at 4*C, the tissues were postfixed in I0; 
OsO^ in the same buffer for 1 h at room temperature. Semithin sections 
were mounted on glass slides and stained with toluidine blue for light-
microscopic orientation. Ultrathin sections were collected on 200 mesh 
copper grids, stained with uranyl acetate and lead citrate (Reynolds 
1963) and examined with a Philips EM 300 electron microscope. Whereas 
after light-microscopic immunostaining PRL cells were found in large 
numbers in young as well as in aged animals, in the electron microscope 
the classical PRL cells (cells with polymorphic granules) were only found 
in reasonable quantities in young rats. Thus, the classical morphological 
criteria probably were inadequate to detect all PRL cells in the electron 
microscope. For that reason the same antiserum against rat PRL used for 
immunocytochemical staining at the light-microscopical level was used for 
immuno-electron microscopy. Some ultrastructural features of the PRL 
cells of aging female BN/BiRij rats are described in Chapter 3. The 
34 
ultrastructure of the PRL cells of the aging male Wistar rats is 
described in Chapter 5. Further electron-microscopic procedures are 
described in the Materials and methods sections of the Chapters 6, 8, and 
9. 
2.2.4 Estimation of the PRL-cell volume. 
From each hemipituitary a systematic random choice of 10 immuno-
stained light-microscopic sections was used for point-counting volumetry 
(Weibel 1979) to estimate the PRL-cell-volume density. An integration 
grid in a 25χ oculair with 25 testpoints was used for each of the 10 
sections resulting in a final number of 250 testpoints per hemipitui­
tary. Scores were made on random chosen fields of the pars distalis. The 
volume density of the PRL cells was calculated by dividing the number of 
testpoints hitting a PRL cell by the total number of testpoints (=250). 
Drawings of the pars distalis tissue of θ to 21 pituitary sections were 
used to compute the pars distalis volume. The areas of the pars distalis 
drawings were estimated by using a planimeter. Areas occupied by cysts or 
connective tissueá were not included. The total pars distalis volume was 
calculated by multiplying total pars distalis area with the distance 
between the sections used, divided by the magnification squared (Uylings 
et al., 1986). The total volume of the pars distalis occupied by PRL 
cells could then be calculated by multiplying the PRL-cell-volume density 
and the total pars distalis volume. Results are presented in Chapter 5. 
For the estimation of the PRL-cell-volume densities in 
electron-microscopic studies a similar method was used, that will be 
described in the Materials and methods section of Chapter 6. 
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SUMMARY 
Serum PRL levels and histologically tumor free pituitary glands of 91 
aging rats of the BN/BiRij strain, the WAG/Rij strain and their F·) hybrid 
were studied. In rats with pituitary glands without signs of hyperplasia, 
serum PRL levels were, in comparison to rats of 1!?-24 months, increased 
in 25-29 month-old female BN/BiRij rats and showed a decline with further 
aging. This rise and decline during aging correlated with changes in the 
PRI cell volume density and in ultrastructural signs of their synthetic 
activity. Rats with hyperplastic pituitanes showed similar age-related 
changes in serum PRL levels, but these levels were higher. Concerning the 
hyperplasia, some strain differences were found. In BN/BiRij rats anti-
r-PRL positive hyperplasia, and in WAG/Rij and F-j rats, anti-r-PRL 
negative and anti-r-PRL positive hyperplasia were present. All foci of 
hyperplasia were negative for anti-ACTH and anti-h-GH. In male rats no 
age-related changes of serum PRL levels could be established, although a 
decline of PRL-cell-volume density in the oldest rats is indicated. We 
conclude that the absence of a continuous age-related rise of serum PRL 
levels in our animals is caused by exclusion of animals with pituitary 
tumors. 
Mechanisms of Ageing and Development. (198Θ, in press). 
With: MJ van Zwieten, JAM van Kemenade and JAM Mattheij. 
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Chapter 3 
ALTERATIONS IN PITUITARY HISTOLOGY AND SERUM PROLACTIN 
LEVELS AS RELATED TO AGING 
3.1 INTRODUCTION 
It is generally accepted that plasma levels of the pituitary 
hormone prolactin (PRL) increase in both male and female rats with age 
(Simpkins et al. 1977; Steger 1981). The incidence of spontaneous 
prolactin-producing tumors (prolactinomas) of the pituitary generally 
diso increases with age (Burek 1978). The explanation of these age-
related increases in PRL levels and prolactinoma incidence vanes from 
one investigator to another. However, most explanations are concerned 
with the specific hypothalamic regulation of PRL secretion, which is 
effected predominantly by release of inhibiting and releasing neuro-
transmitters, dopamine (DA; Gudelsky et al. 1981) and serotonin (Simpkins 
et al. 1977), respectively. Damage to hypothalamic dopaminergic neurons 
is also associated with the development of prolactinomas; especially in 
female rats, the increasing levels of estrogen with age have been 
implicated as being causally related to the development of these tumors 
(Takahashi et al. 1980). 
In rats bearing a pituitary tumor, very high PRL levels (an 
increase of 10-fold or more above normal levels) may be found. 
However, it is not clear to what extent serum PRL levels are correlated 
with morphological changes, other than neoplasms, in the pituitary. 
Moreover, a number of studies on age-related changes in the pituitary 
have been carried out in young adult to 'middle-aged' rats, e.g. 5 to 24 
months of age (Simpkins et al. 1977; Steger 1981). We adhere to the 
definition which states that an aged rat is one which has passed the W i 
survival age for its strain and derived from a population exhibiting a 
more or less rectangular survival curve and in which those that die 
exhibit multiple pathological changes (Zürcher et al. 1982). For most 
strains (Burek 1978; Solleveld et al. 1984), using this definition, 
animals of 27-30 months of age or older should be employed m aging 
studies. Changes found in such animals may be different from findings in 
younger members of the same strain and sex. 
The basic objective of this study was to describe the histo-
logical features of pituitanes from aging rats of two different strains 
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and their F-| hybrid. In this report emphasis was placed on the prolactin 
cells in non-neoplastic pituitanes, in order to attempt to correlate the 
morphology of these cells with serum prolactin levels. In Chapter 4 
results of a similar investigation on pituitary tumors of aging rats are 
presented. 
3.2 MATERIALS AND METHODS 
Animals Virgin male and female inbred WAG/Rij and BN/BiRij rats, as well 
as (WAG χ BN) Fi hybrid rats were studied. The origin of these strains 
and their selected breeding data have been previously reported (Burek 
1978; Van Zwieten 19B4). The source of the rats used in the present study 
was the aging colony maintained at the Institute for Experimental 
Gerontology TNO, Rijswijk, the Netherlands. Details of the husbandry 
conditions used have been published elsewhere (Hollander 1976). Briefly, 
the rats were maintained on autoclaved pine shavings, four to a cage in 
35 χ 23 χ 16 cm (1 χ w χ h) shoe-box type polycarbonate cages 
(Makrolon^)· They were housed in animal rooms maintained at 21+13C, 
with a relative humidity of 60 to 65°o, and with a 12-hour light/12-hour 
dark lighting schedule. The rats were fed a standard pelleted rodent diet 
(AM 11^, Hope Farms, Woerden, The Netherlands) ad libitum, and they had 
free access to acidified water in bottles with sipper tubes. 
A total of 151 aging rats was available for study. Of these rats, 
60 proved to have pituitary tumors at the time of gross or microscopic 
examination and they will be described separately (Chapter 4). The 
remaining 91 rats form the basis of this Chapter. Included were 57 female 
and 7 male BN/BiRij rats, 12 female and 2 male WAG/Rij rats and 5 female 
and 8 male (WAG χ BN) F·] rats. The strain and sex distribution, as well 
as the mean ages are given in Table 3.1. 
Although derived from well defined aging cohorts, the rats used 
for this study were taken at random from those presented for necropsy. In 
addition, proportionally more BN/BiRij rats were included in this study 
than rats of the other strains, since, from previous studies (Burek 1978) 
it could be expected that BN/BiRij rats would have a low pituitary tumor 
incidence, and therefore lend themselves better to an investigation of 
non-neoplastic age-associated pituitary changes. Likewise, more females 
than males were available for investigation in connection with a long-
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standing interest in the pituitary lesions oF Female BN/BiRij and WAG/Rij 
rats because of their extensive use in mammary carcinogenesis studies 
(Van Zwieten 19Θ4). 
TABLE 3.1 STRAIN AND SFX DISTRIBUTION OF NORMAL AND HYPERPLASFIC 
PITUITARY GLANDS. AGL IS GIVFN IN MONTHS. 
Strain 
BN/Birtij 
BN/BiRij 
WAG/Rij 
WAG/Rij 
(WAG X BN) 
(WAG X BN) 
F"1 
Γΐ 
Sex 
Female 
male 
Female 
male 
Female 
male 
NORMAL 
no. 
39 
Ь 
3 
-
2 
6 
55 
mean 
33 
27 
35 
-
39 
35 
age (range) 
(15-42) 
(10-35) 
(30-40) 
( - ) 
(38-40) 
(24-40) 
HYPLRPLASTIC 
no. 
10 
2 
9 
2 
3 
2 
36 
mean 
34 
35 
27 
33 
42 
39 
age (range) 
(24-40) 
(30,40) 
( 8-38) 
(30,35) 
(39-44) 
(38,40) 
total 
Prolactin determination All rats lived their natural liFe span and were 
removed From the aging colony when Found moribund. They were killed with 
an overdose oF ether anesthesia, and blood was collected From the retro­
bulbar plexus. This procedure was cdriled out between 09.30 and 12.00 h 
to limit circadian influences (Mattheij and Swarts, 1978). Serum samples 
were stored at -20°C until Further use. Serum prolactin in 5 to 10 serial 
1:2 dilutions was measured using a NIADDK rat prolactin radioirmunoassay 
(RIA) kit. The results are expressed in terms of NIADDK-r-PRL-3. To limit 
assay variation, all samples were measured in a single RIA run (intra-
assay coefFicient oF variation, 0.06). 
Histology AFter removal of the brain, the pituitary was dissected Free 
and sagitally divided into equal halves. For light microscopy, the right 
pituitary halves were fixed in Bouin-Hollande sublimate Fluid (without 
acetic acid) For 48 h. AFter washing and dehydration, the tissues were 
embedded in paraplast. Four urn thick serial sections were cut, and every 
50^'Ί section was mounted on glass slides. The sections were routinely 
stained with hematoxylin-phloxine-saFFron (HPS). 
Immunocytochemistry Sections immediately adjacent to those stained with 
HPS were mounted on glass slides For immunocytochemistry. A modiFied 
peroxidase-anti-peroxidase (PAP) method was used (Sternberger et al. 
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1970). In addition to PRL cells, the distribution of growth hormone (OH) 
and adrenocorticotropin (ACTH) secreting cells was also investigdted. 
Rabbit anti-rat PRL (anti-r-PRL), rabbit anti-human GH (anti-h-GH) and 
rabbit anti-(25-39) ACTH (anti-ACTH) antisera were used as first anti-
bodies in a dilution of 1:800. The anti-h-GH and anti-ACTH antibodies 
were kindly donated by Prof. Dubois, Nouzilly, France. The anti-r-PRL 
antiserum was raised by J.A.M. Mattheij. Controls were carried out by 
omitting the first antibody and by replacement of the first antibody by 
normal rabbit serum (nrs). 
Liquid-phase adsorption was done for anti-r-PRl with purified PRL 
(NIAuüK-rat-PRl-ß-5, AFP-ЬЗ бЕ). For anti-h-GH and anti-ACTH see 
Châtelain et al. (1979). 
The distribution and volume density of the three cell types was deter-
mined on every 50th section by point-counting volumetry (Weibel, 1979). 
Electron microscopy The left pituitary halves were fixed for electron-
microscopic examination. The tissues were immersed in Karnovsky's mixture 
consisting of equal parts of 20ί glutaraldehyde and 2% paraformaldehyde in 
0.1 m cacodylate buffer (pH 7.4) for 1 h at 4°C and postfixed in П OsO^ 
in 0.1 m cacodylate buffer for 1 h at 21*^. Subsequently, the tissues 
were dehydrated and embedded in Epon following standard procedures. One 
micron sections were cut and stained with toluidine blue for light micro­
scopic orientation. Ultrathin sections were collected on 200 mesh copper 
grids, stained with uranyl acetate and lead citrate and examined with a 
Philips E.M. 300 electron microscope. 
3.3 RESULTS 
3.3.1 Serum prolactin levels 
The serum PRL levels of BN/BiRij female rats, as determined by 
RIA, are shown in Fig. 3.1A. A marked increase in the PRl levels was 
observed up to an age of 25-29 months. After 30 months of aye, the PRL 
levels declined and by 35 months, a significant decrease of PRL levels 
was observed. Animals 40 months of ago and older had PRL levels in the 
same range as found in animals younger than 25 months. 
In BN/BiRij female rats with hyperplastic pituitanes, an 
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increase in PRL levels was also observed up to the age of 30 months. 
However, all PRL values in this group were higher than those found in 
rats of the same aqe with histologically normal pituitanes. After 35 
months of age, animals with hyperplastic pituitanes had PRL levels in 
the same range as those found in animals with normal pituitarias (Fiqs. 
3 . 1 B , 3 . 1 C ) . PRLing/ml) - ι 
1ΘΟ 
2 0 24 2Θ 32 3 6 4 0 4 4 
a g e ( m o n t h s ) 
P R L ( n g / m l ) 
1 0 0 -
n 2 2 7 12 13 3 
8 0 
n o 2 Э 2 9 2 
1 2 0 
8 0 
4 0 -
_J 
15 2 0 25 3 0 3 5 4 0 
19 2 4 2 9 3 4 3 9 4 4 
15 2 0 25 3 0 35 4 0 
19 2 4 2 9 3 4 3 9 4 4 
a g e ( η 5 m o n t h n t e r v a l s J 
Fig. 3.1 Serum prolactin (PRL) levels, expressed in ng/ml, 
of 57 female BN/BiRij rats varying in age from 15-42 months. 
ЗЛА. shows the values of the individual rats, 3.1B,C show 
the mean values ± the S.E.M. per age group of 5 months. 
Symbols: · rats with normal pituitary glands 
о rats with hyperplastic pituitary glands 
A3 
The PRL levels of females of the other two strains showed the 
same tendencies, but due to the small numbers, only a few observations 
could be made. The PRL values in female WAG/Rij and (WAG χ BN) F-| rats 
were much higher than those in the BN/BiRij females. In one 26-month-old 
WAG/Rij female with a hyperplastic pituitary, a PRL level of 1253 ng/ml 
was found, which is in the same range as found in rats with pituitary 
tumors (Chapter 4 ). 
In male rats, the PRL levels were generally lower than in 
females. In only two male BN/BiRij rats older than 30 months, the PRL 
values were high, i.e. 74 and 82 ng/ml, respectively. No significant 
increase with age in PRL levels was found in male rats. PRL levels in 
male rats with hyperplastic pituitanes were higher than in those with 
histologically normal pituitanes, but again, no significant increase in 
PRL levels was found after 30 months of age. 
3.3.2 Histology 
Gross lesions, with the exception of minute foci of hemorrhage in 
a few cases, were not evident in the pituitary glands from the 91 rats 
discussed in this report. Nn lesions were found in 55 cases, whereas 36 
pituitanes showed hyperplasia of the pars distalis (p.d.). This type of 
lesion was characterized as one or more foci of variable size composed of 
a relatively uniform population of cells (e.g. chromophobes). Sometimes a 
small number of other cell types (e.g. acidophils) was found between the 
hyperplastic cells. Such foci did not cause compression of the sur­
rounding p.d. nor did they alter the size and external architecture of 
the gland as a whole. The nuclei of the hyperplastic cells tended to be 
larger than those of normal cells, and the amount of cytoplasm was either 
reduced or increased as compared with normal cells. Occasionally, the 
sinusoids were slightly dilated and filled with blood in some hyper­
plastic foci presumably corresponding to the small hemorrhagic foci seen 
grossly in a few cases. 
3.3.3 Immunocytochemistry 
In serial sections stained with anti-r-PRL, anti-h-GH and anti-
ACTH (Figs. 3.2a-c), the following characteristics of these immuno-
positive cell types were observed in the histologically normal 
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Fig· 3.2 Adjacent sections of normal pars distalis tissue of a female BN/ 
BiRij rat, immunostained with respectively: β. anti-r-PRL, b. anti-h-GH and 
c. anti-ACTH. Note, that anti-r-PRL positive, anti-h-GH positive and anti-
ACTH positive cells are distributed homogeneously in the pars distalis but 
differ in volume density and cell size (Calibration bar a 40 pm). 
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Гід- 3.3 Adjacent sections of a hyperplastic focus in the pars distalis 
of a 40 month-old female BN/BiRij rat, reacting positively with anti-r-PRL 
(a) and negatively with anti-h-GH (b) and anti-ACTH (c) and of a 43 month-
old female (WAG χ BN)F1 rat, reacting negatively with anti-r-PRL (d), 
anti-h-GH (e) and (f) anti-ACTH (Calibration bar = 40 μη). 
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pituitanes of about 15 month-old female rats of the RN/BiRij strain. 
Cells with an affinity for anti-r-PRL were round, oval or poly­
gonal and varied in diameter. They were distributed evenly throughout the 
p.d. and their mean volume density was about 35°ί. Cells with an affinity 
for anti-h-GH were round and of a uniform size. They were egually 
distributed throughout the p.d. and occupied about 23°ό of the p.d. 
volume. Cells staining positively with anti-ACTH were angular or oblong 
and were larger than the PRI and GH-positive cells. Only about 9% of the 
p.d. volume was occupied by ACTH-positive cells. In this study, the ACIH-
positive cells were also randomly distributed throughout the p.d. 
With increasing age, changes in the distribution and volume 
density of the PRL-positive cells were observed. The volume density of 
PRL-positive cells increased in 'middle-aged' rats, followed by a 
decrease in older rats: the mean volume density in 18-20 month-old rats 
was 40.5°ό, it increased to 52°^  in 28-month-old rats, and subseguently 
decreased to a mean value of 38.5?ó in 35-40 month-old. These percentages 
were determined mainly in BN/BiRij female rats since they constituted the 
largest sample. Results obtained in the few pituitanes of females of the 
other two strains confirmed those found for the BN/BiRij females. 
Sometimes, a focal decrease of the relative PRL-positive cell volume 
density was observed, so that the distribution of the PRL-positive cells 
in older female rats was uneven. The remaining PRL-positive cells in such 
areas had lost their rounded and oval forms and were more angular. 
Similar changes did not occur in the distribution and volume densities of 
GH-positive and ACTH-positive cells of old female rats. The range in 
volume density of GH-positive cells and ACTH-positive cells in female 
rats of 26-40 months of age remained 22-28?á and 9-1 Vi, respectively. 
Single or multiple foci of hyperplasia were easily recognized in 
the immunostained sections of light-microscopically confirmed hyper-
plastic pituitanes, although striking differences between the strains 
were observed, in female BN/BiRij rats, almost all hyperplastic cell 
areas were positive for anti-r-PRL, while the same areas were negative 
for anti-h-GH and anti-ACTH (Figs. 3.3a-c). In female (WAG χ BN) F-] rats, 
both PRL-positive and PRL-negative foci of hyperplasia were present 
(Figs. 3.3d-f). 
In male rats of the three strains the distribution and volume 
density of the p.d. occupied by GH-positive and ACTH-positive cells were 
comparable to that of the females. The PRL-positive cells in male rats 
46 
were more angular or even cup-shaped, and re la t i ve fewer in number than 
in female rats . Ihe mean value of the volume density of PRL-positive 
ce l ls amounted to 25°ó. With increasing age, th is percentage decreased 
over the to ta l area of the p.d . , with values of 10οί being found in 
animals of 55-40 months of age. Hyperplastic areas in the p i t u i t a r i e s of 
male BN/BiRij rats stained posi t ive ly with anti-r-PRL antiserum and nega­
t i v e l y with anti-h-GH or anti-ACÎH ant isera. In the other s t ra ins, hyper-
plast ic areas in the p i tu i ta ry stained either posi t ive ly or negatively 
with anti-r-PRL antiserum, but always negatively with the two other a n t i -
sera. 
Fig. 3.4 Electron micrograph of an area in F ig . 3.5 Electron micrograph of an area in 
the oars d i s t a l i s of a female BN/BiRij rat of the pars d i s t a l i s of a female BN/BiRij ra t 
28 months, showing highly act ive PRL c e l l s . of 39 months. Pro lac t in c e l l s (PRL) posses 
Note the lamellar formations of the rough polymorphic and round granules Cg) (x 4144) 
endoplasmic ret iculum CRER) and the Golgi 
apparatus (G) in p ro lac t i n producing c e l l s 
(PRL) (x 4144). 
3.3.4 Electron microscopy 
Fifteen p i t u i t a r i es from female BN/BiRij rats ranging in age from 
26 to 39 months, were studied by electron microscopy. At the u l t ras t ruc-
tu ra l level the PRL ce l ls showed the fol lowing general character is t ics. 
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The secretory granules were electron-dense and often polymorphir 
in shape, although round granules were also present. The cisternae of the 
rough endoplasmic reticulum (RtR) were flattened and sometimes formed so-
called 'nebenkernen'. The Golgi apparatus wds often clearly visible and 
the mitochondria were cone-shaped. Most obvious in this study was the 
fact that in pituitanes of rats with high serum PRL levels, i.e. in 25-
30-month-old rats, many of the PRL cells showed characteristics of active 
protein synthesis; the RLR cisternae were slightly dilated, arranged in 
lamellar formations, and occupied large areas of the cytoplasm and around 
the sacculi of the Golgi apparatus small vesicles were observed. PRL 
secretory granules could be found, but their size and number were 
decreased suggesting PRL release by degranulation. In some areas, large 
numbers of these highly active PRL cells were located closely together 
(Fig. 3.4). 
In rats older than 30 months with low serum PRL levels, it was 
difficult to find PRL cells. Their number was decreased and polymorphic 
granules were found less frequently. In these rats, most PRL cells 
possessed apart from some polymorphic granules many round granules, and 
lamellar RER formations were hardly observed. It is possible that these 
cells represented a storage phase (Fig. 3.5). 
3.4 DISCUSSION 
3.4.1 Serum prolactin levels 
The present study is part of our investigations on the age-
related changes in serum PRL levels and PRL cells of the pituitary in 
rats of different strains. Most of the rats used in the present study had 
reached the 50% survival age of their respective strain (Zürcher et al. 
1982) and thus could be characterized as being aged. 
Females We found a significant increase in serum PRL levels up to the age 
of 24-30 months in female BN/BiRij rats. That this increase can be 
attributed to the use of ether anesthesia is unlikely, because stress-
induced rise in PRL promoted by orbital sinus puncture under ether-
anesthesia is markedly diminished in aged female rats exhibiting a 
diestrous state (Wiggins et al. 1983). Moreover, Milenkovic et al. (1984) 
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have suggested that in sexually mature rats of both sexes the stress-
induced secretion of PRL is inversily related to the age of the animal. 
Thus, the influence of stress is reduced in our animals. The rise in PRL 
levels was related to the age of the animals and was followed by a 
decrease, after the 5Π°ό survival age was reached. The same tendencies 
were found in the females of the other two strains. With respect to the 
rise of serum PRL levels in aging females, our findings are in agreement 
with those of others (Demarest et al. 1985). This increase in PRL levels 
has been ascribed to a failure of PRL short loop feedback mechanism 
(Sarkar et al. 1983), or to a defect in the DA receptors on PRL cells in 
the p.d. (Demarest et al. 19Θ5). However, the DA as well as the PRL 
content of the anterior pituitary was increased in 26-month-old male and 
female rats of the Long-Fvans strain in spite of the DA decrease in the 
median eminence (Demarest et al. 1905). 
The increase in PRL levels has further been ascribed to the increasing 
levels of estrogens in old, persistently estrous, female rats (Takahashi 
et al. 1980). This estrogen-induced PRL increase might be caused by a 
decrease in number of DA-binding sites in the pituitary. Such a decrease 
was found by Heiman and Ben-Jonathan (1982) after estrogen treatment. Our 
finding, that the rise in serum PRL levels up to 25-29 months of age is 
followed by a decrease in females older than 30 months (the 50°i survival 
age) was unexpected, since it has not been reported by others. It was 
observed not only in female BN/BiRij rats with normal pituitanes but 
also in rats with hyperplastic pituitanes. The same tendencies were 
found in the female rats of the other two strains. 
The fact that the decrease in serum PRL levels has not been 
reported in literature may be based on the following reasons. Firstly, in 
most other studies, rats of about 24 months of age were considered to be 
'old', but data on rats that fullfil the criteria of aging defined by 
Zürcher et al. (19Θ2) are lacking (Steger 19Θ1). Secondly, pituitary 
histology has been often not taken into account, thus part of the 
increased PRL levels at old age may he caused by PRL cell hyperplasia or 
even PRL cell microadenoma. 
Males Due to the small number of male rats in our samples it was not 
possible to present reliable data on the serum PRL levels during aging in 
males. Tendencies to an increase or decrease of serum PRL levels, were 
not present, however. 
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In literature different results have been presented on nerum PRl levels 
in -naie rats by Shaar et al. (1975) and Simpkins et al. (1977). The 
latter found increased PRL levels in 21-month-old male /Jistar rats 
compared with rats of 3-4 months old, whereas Shaar et al. (1975) did not 
find any difference in PRL levels between young (4-6 months) and old 
(23-30 months) male Long-Evans rats. 
3.4.2 Pituitary histology 
We determined the volume density of the PRL-positive cells in the 
p.d. using point-counting volumetry, instead of determining the relative 
number of immuno-positive cells, as other investigators have done (Poole 
and Kornegay 1982; Ruitenberg et al. 1974; Takahashi and Kawashima 
1983). Our approach may be more accurate since it takes into account 
possible differences in volume of individual cells. 
Females In female BN/BiRij rats, age-dependent differences in the volume 
density and morphology of PRL cells were found. An increase was observed 
in 25-29 month-old rats when compared with rats of 15-24 months from 
about 35^ to 500i. In the oldest female BN/BiRij rats (35-44 months) with 
normal pituitanes, a decrease in the volume densities of the PRL-
positive cells was observed, sometimes associated with a more marked 
volume density decrease in random areas of the p.d. With increasing PRL 
cell-volume densities, the cells became smaller and more rounded, whereas 
in old rats with decreasing volume densities, the cells were slightly 
larger and had more angular shapes. Thus, increased volume densities 
night be caused by an increase of cell number. Other authors who counted 
cell numbers, found 20o¿ PRL cells in female Wistar rats younger than 12 
months (Ruitenberg et al. 1974), or 28.2 and 36.6αί in the central and 
peripheral part of the p.d. in 2-month-old female Spraque-Dawley rats, 
respectively (Poole and Kornegay 1982). Ruitenberg et al. (1974) found a 
decrease in the number of PRL-positive cells in rats as early as 12 
months of age. Takahashi et al. (1980) observed that PRL cells identified 
by their affinity to erythrosin were more numerous in 18-19 month-old 
rats than in 3-month-old rats. In 18-23 month-old rats, even 45°í PRL 
cells were found (Takahashi and Kawashima 1983), but no data from older 
animals were available. The latter seems to be in accordance with our 
observations. The increase in PRl-cell volume in middle-aged female rats 
may be connected with the high estrogen levels in animals of this age. As 
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is indicated by a study of Iturnza et al. (1983), who found an increase 
of the number of PRL cells occurred in estrogenized rats with pituitary 
grafts compared with non-estrogemzed rats with grafts. The same authors 
observed at the ultrastructural level a strong degranulation of the PRL 
cells in estrogenized grafts. The latter observation is in accordance 
with the strongly degranulated PRL cells from 25-29 month-old females 
with elevated PRL levels in our study. 
Males In male rats of 10 months old we found about 25°ή of the p.d. 
occupied by PRL-positive cells. During aging this percentage decreased to 
10οί in 35-40 month-old rats. In a study on Wistar males, we found an 
increase in the PRL-positive cell volume density in middle-aged rats, 
followed by a decrease in old rats (Chapter 5). However, Takahashi and 
Kawashima (1983) observed neither an increase nor a decrease in the 
number of PRL cells in male rats of the Wistar/Tw strain until 20 months 
of age, whereas Lee et al. (1982) described a progressive increase in 
number of PRL cells with increasing age, till 36 months, in male Long-
Evans rats. Contradictory results have also been reported from studies on 
the human pituitary during aging. In male pituitanes, Baker and Yu 
(1977) found a regression of PRL cells, both in size and number, in old 
age (65 years). Sun et al. (1984) reported a decrease with age in the G4 
cells, but not in the PRL cells in human pituitanes, whereas Kovacs et 
al. (1977) neither found a significant decline in PRL cell number with 
age (males and females). 
Summarizing, our results for the rat, it appears that PRL-cell-volume 
densities are sex and age-dependent. Further, the present study demon­
strated that after the age of 25-29 months no increased serum PRL levels 
were found in rats with normal or hyperplastic pituitary glands. 
Thus, it is necessary in aging studies on serum PRL levels to determine 
values minimally at three ages (young, middle-aged and old) and to 
exclude the possibility, that microadenomas are responsable for eleva­
tions of hormones in the blood during aging. The latter stresses the need 
for serial sections. 
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SUMMARY 
Sixty pituitary tumors from 151 aging rats of the BN/BiRij strain, the 
WAG/Rij strain and their F-j hybrid were studied light microscopically. 
The lowest tumor incidence (18°ί) was found in the BN/BiRij strain, the 
highest incidence (710i) in the WAG/Rij strain. In the F-j hybrid the 
incidence (45°ό) was intermediate between those of the parental strains. 
With a hematoxylin-phloxin-saffron (HPS) staining two tumor types, i.e. 
hemorrhagic and solid could be distinguished. Immunocytochemical staining 
with anti-r-PRL antiserum revealed a positive reaction in the hemorrhagic 
and a negative reaction in the solid type, whereas staimngs with anti-
h-GH and anti-ACTH generally were negative. In animals with hemorrhagic 
as well as with solid tumors elevated serum PRL levels were found, 
although some differences were noticed. Serum levels in females of the 
WAG/Rij strain with hemorrhagic adenomas were significantly higher than 
the levels in females with solid adenomas. In the same strain, age-
related differences in PRL levels were found. Significantly higher serum 
PRL levels were found at the age of 26-32 months than in older animals. 
The same tendencies were noticed in both other strains. 
Mechanisms of Ageing and Development (1900, in press). 
With: MJ van Zwieten 
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Chapter 4 
SELECTED MORPHOLOGICAL AND IMMUNOCYTOCHEMICAL FEATURES OF PITUITARY 
TUMORS CORRELATED WITH SERUM PROLACTIN LEVELS. 
4.1 INTRODUCTION 
Pituitary tumors develop spontaneously with age in the rat 
(Feldman and Woda 1980; Goodman et al. 1980; Kovacs et al. 1977; Kroes et 
al. 1981; Lee et al. 1982). Pituitary tumor-bearing animals often show 
increased plasma prolactin (PRL) levels, and thus most of these tumors 
are considered to be PRL-producing tumors, or prolactinomas. Generally, 
prolactinomas occur more frequently in females than in males (Berkvens et 
al. 1980; Burek 1978), although in some strains of rats, the incidence of 
these tumors is higher in males than in females (Ito et al. 1972). Based 
on classical histological staining methods, these pituitary tumors are 
classified as either acidophilic or chromophobic (Ко асч et al. 1975). 
With immunocytochemical procedures using anti-rat-prolactin (anti-r-PRL) 
antibody as the first antiserum, acidophilic adenomas often stain 
positively (Duello and Halmi 1980), while chromophobic adenomas stain 
either positively or negatively (Kovacs et al. 1975). An apparent lack of 
immunoreactivity to anti-r-PRL has been reported for pituitary tumors of 
the rat (Pong 1982; Ito et al. 1972) as well as to anti-human-PRL (anti-
h-PRL) for human pituitary tumors (Mukai 1983). Ito et al. (1972) have 
shown for rat pituitary tumors that the presence of such negatively 
staining tumors can be correlated with elevated serum PRL levels which 
suggests that, in these tumors, newly synthesized PRL is released 
immediately without noticeable storage of PRL-containing secretory 
granules. Pong (1982) stated that 74°i of the pituitary tumors of male 
Wistar rats were immunocytochemically negative for PRL, growth hormone 
(GH) and thyrotropin stimulating hormone (TSH), and were composed of 
"undifferentiated" cells, probably incapable of producing any of the 
hypophyseal hormones. In that study, however, no plasma PRL levels were 
reported. In several other studies with human pituitary tumors, variable 
results have been obtained and the intensities of the immunocytochemical 
staining results for PRL did not always correlate with serum PRL levels 
(Kameya et al. 1980; Lloyd et al. 1983). These apparent discrepancies in 
the results of studies with rat and human pituitary tumors ask for 
further study. Moreover, relatively little attention has been paid to 
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strain and age differences and histological tumor types in relation with 
serum PRL levels in studies of rat pituitary tumors. 
In an earlier investigation, we studied the age-related alter­
ations in pituitary histology and serum PRL levels in WAG/Rij, BN/BiRij 
and (WAG X BNI)F-| rats excluding all tumor-bearing animals (Chapter 3). 
The purpose of this study is to report on the pituitary tumor 
incidence in these rat strains, and to characterize the histological and 
immunocytochemical features of these tumors. Special emphasis is placed 
on the correlation of serum PRL levels with the histological tumor type 
and the age and strain of the animal. 
4.2 MATFRIALS AND METHODS 
Animals Inbred virgin male and female WAG/Rij, BN/BiRij and (WAG X BN)Fi 
rats were used in this study. They were obtained from the aging colony 
kept at the Institute for Experimental Gerontology TNO, Rijswijk, the 
Netherlands. Husbandry conditions were described in Chapter 3. A total of 
151 aging rrts was available for study. Non-neoplastic pituitanes were 
found in 91 rats. These animals were used to study the correlation 
between the morphology of the PRL cells with serum PRL levels during 
aging (Chapter 3). The remaining 60 rats had pituitary tumors and 
provided the material for this part of the study. The composition of this 
group was as follows: 13 female and 1 male BN/BiRij rats, 30 female and 5 
male WAG/Rij rats and 5 female and 6 male (WAG Χ ΒΝ)Γ-| rats. 
Prolactin determination All rats were used for study when found moribund. 
The animals were ether-anesthetized, and blood was collected from the 
retrobulbar plexus. Serum samples were stored at - 20*C until further an­
alysis. This procedure was always carried out between 9.30 and 12.00 a.m. 
to exclude influences of circadian rhythms on serum PRL levels (Mattheij 
and Swarts 1978; Damassa 1980). Serum PRL in 5 to 10 serial 1:2 dilutions 
was measured using a NIADDK rat PRL radio-immuno-assay (RIA) kit.The 
results are expressed in terms of NIADDK-r-PRL-3. All samples were 
measured in a single RIA run (intra-assay coefficient of variation 0.06). 
Light microscopy After removal of the brain, the pituitary was dissected 
free from the base of the skull. Pituitanes were fixed in Bouin-Hollande 
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sublimate fluid (without acetic acid) for 48 h. After washing, dehy­
dration and embedding of the glands in paraplast, serial 4 μη sections 
were cut and every 50t'1 section was mounted on a glass slide. These 
sections were stained with hematoxylin-phloxin-saffron (MPS) according to 
standard procedures. 
Immunocytochemistry A modified unlabeled antibody enzyme method 
(Sternberger et al. 1970) was applied to consecutive sections. The 
following antisera were used as the first antibody: 
1. rabbit anti-rat-prolactin (anti-r-PRL); this antiserum was a gift from 
Dr. J.A.M. Mattheij, Wageningen, the Netherlands. 
2. rabbit anti-human-growth hormone (anti-h-GH) 
3. rabbit anti-(25-39)-adrenocorticotropin (anti-ACTH) 
for control procedures see Chapter 3.2.4. 
Statistical analysis Strain differences in serum PRL levels of female 
WAG/Rij and BN/BiRij rats were tested for statistical significance with 
the Wilcoxon, Mann and Whitney U-test (Sokal and Rohlf, 1969). 
The correlation between tumor types and immunocytochertucal features was 
tested in a two-by-two contingency table (Sokal and Rohlf 1969). 
Statistical significance was accepted at Ρ < 0.05. 
4.3 RESULTS 
4.3.1 Gross and light-microscopic findings 
Grossly, some of the pituitary tumors ranged in size from barely 
visible nodules or pinpoint red foci on the surface of the gland, to 
large, solid or friable and often hemorrhagic masses 1 cm or more in 
diameter. Other pituitary tumors were detected only after light-micro­
scopic examination. In this study 54/60 tumors were detected grossly at 
the time of necropsy. 
A proliferative lesion in the pars distalis was considered a neo­
plasm if it caused compression of the surrounding normal tissue and was 
sharply demarcated from it (Fig. 4.1a). Some of the larger tumors 
indented the base of the brain and caused secondary ventricular dilata­
tion. All tumors described here were considered benign, i.e. adenomas, 
since invasion of adjacent structures or metastases to distant sites were 
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Fig. 4.Ja-d tour consecutive sect ions of a layer ( с ) ) , Ь. anti-r-PRL, с. anti-h-GH and 
neoplasm ( s o l i d adenoma) i n the pars d i s t a l i s d. anti-ACTH. The adenoma i n the r i q h t upper 
of a 31 month-old female WAG/Rij rat causing corner i s negative for a l l three a n t i s e r a , 
compression of the surrounding normal t issue whereas the surrounding t issue shows θ normal 
stained w i t h : a. HPS (note the compression react ion ( c a l i b r a t i o n bar ζ 80μπι). 
not found. The h i s t o l o g i c a l appearence of the p i t u i t a r y tumors varied 
somewhat from case to case, and from one area to another within a single 
tumor, but, in general, two main h i s t o l o g i c a l patterns were recognized. 
One tumor type, the hemorrhagic adenoma, had a spherical, oval or some­
times multinodular form, and was characterized by i r r e g u l a r l y branching 
cords or trabeculae of tumor c e l l s , interspersed with b l o o d - f i l l e d 
sinuses or large blood lakes (F ig. 4.2a). The b l o o d - f i l l e d spaces were 
not l ined by endothelial c e l l s , but instead by tumor c e l l s . 
The second tumor type, the sol id adenoma, was usualy spherical 
and was composed of sheets of c e l l s compactly arranged and without 
discernible blood lacunae (F ig. 4.3a). Sometimes the tumor c e l l s radiated 
around small bloodvessels within the tumor. 
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In some cases, multifocal neoplasms were present within a 
pituitary. These could also be classified as either hemorrhagic or solid 
adenomas. If multifocal adenomas with characteristics of both types were 
found, the classification was made according to the tumor type that 
represented more than half of the adenomatous tissue. 
4.3.2 Tumor incidence 
The tumor incidence per strain was calculated starting with the 
total group of 151 animals (Table 4.1). The highest tumor incidence, 710o, 
was found in the WAG/Rij rats, and the lowest, 18 "¿, in the BN/ßiRij 
rats. In the M hybrid the tumor incidence was 45 %, a value intermediate 
between those of the parental strains. In the WAG/Rij strain male rats of 
20-24 months were the youngest animals in which tumors were found. In the 
DN/BiRij strain the youngest animals in which tumors were found were 
female rats of the age of 30 months. In the pituitanes of WAG/Rij and F1 
rats both hemorrhagic and solid adenomas were found. Because of the large 
number of female WAG/Rij rats available for study we could calculate the 
frequency of occurrence of both tumor types. In female WAG/Rij rats, 40°ό 
of the pituitary tumors were hemorrhagic adenomas and 60ηό were solid 
adenomas. This high percentage of solid adenomas was caused by the fact, 
that from the age of 38 months, only solid adenomas were found. In the 
female BN/BiRij rats, hemorrhagic adenomas predominated even after the 
age of 38 months; in this group only one solid adenoma was found. Both 
tumor types were also found in males, but because of the small number of 
male rats available for study the frequency of occurrence of both tumor 
types was not calculated. 
TABLE 4.1 PITUITARY TUMOR INCIDFNŒ IN THREE STRAINS OF RATS. 
Strain total number of pituitarios with incidence 
pituitanes adenomas 
14 180á 
35 71 "í 
11 450o 
60 
BN/BiRij 
WAG/Rij 
(WAG X BNÌFÌ 
78 
49 
24 
151 
59 
4.3.3 Serum prolactin levels 
Sex differences were observed for serum PRL levels in the 60 
tumor bearing animals. In male rats of the three strains, mean PRL level 
was 51.08 ng/ml (from 4 to 150 ng/ml), whereas the mean level in female 
rats was 330.9 ng/ml (from 11 to 11,055 ng/ml). 
Strain differences in serum PRL of the female rats were present. 
The mean serum PRL level in WAG/Rij rats was 840 ng/ml from (35 to 11,055 
ng/ml), in BN/BiRij rats 611 ng/ml (from 11 to 4,414 ng/ml), and in the 
F-i hybrid 136.8 ng/ml (from 64 to 179 ng/ml). 
For the males of all strains and the females of the F·] hybrid the 
number of animals was too small to draw valid conclusions about age-
related changes in the PRL levels of tumor-bearing animals. In the 
females of the WAG/Rij and the BN/BiRij strain age-related differences 
were found as indicated by a high level of PRL at the age of 26-32 months 
(Table 4.2). In the female WAG/Rij rats the serum PRL level was statisti­
cally significantly higher at the age of 26-32 months than in older 
animals (P 0.05). 
TABLE 4.2 MEAN SERUM PROLACTIN LEVELS OF FEMALE WAG/Rij AND 
BN/BiRij RATS 
age in months WAG/Rij females BN/BiRij females 
mean (range) η mean (range) η 
26.1 - 32.0* 1846.63 (90-11,055) 11 1163.75 (67-4,414) 4 
32.1 - 38.0 285.75 (35-1051) 12 365.25 (135-539) 4 
38.1 - 44.0 351.42 (51-1393) 7 346,2 (11-1385) 5 
total 30 total 13 
The mean serum PRL levels and their range are expressed in ng/ml. 
* Within the WAG/Rij strain, the age-group of 26.1-32.0 months differed 
significantly from that of 32.2-38.0 months (P < 0.05) and from 38.1-44.0 
months (P <: 0.002). 
In female BN/BiRij rats the serum PRL showed a similar tendency, 
but the sample size was too small to allow statistical analysis. 
Differences in serum PRL levels were also observed between animals with 
hemorrhagic adenomas and those with solid adenomas. Mean serum PRL of 
male and female rats of all strains with hemorrhagic adenomas was 842 ng/ 
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ml; (range 8 - 11,055 ng/ml) serum PRL of animals with solid adenomas 
amounted to 223 ng/ml (range 4 - 1393 ng/ml). Statistically significant 
differences were not found. This was probably due to the enormous range 
of PRL levels. Within the group of WAG/Rij females, serum PRL levels of 
animals with hemorrhagic adenomas were statistically significantly higher 
(P С 0.002) than in animals with solid adenomas (Table 4.3). Strain 
differences in serum PRL levels of female rats with hemorrhagic adenomas 
were not found. 
TABLE 4.3 SERUM PROLACTIN LEVELS OF FEMALE WAG/Rij RATS IN 
RFLAFION TO TYPE OF ADENOMA AND AGE. 
age in months hemorrhagic* solid 
mean (range) η mean (range) η 
26.1 - 32.0 3123.θ (402-11,055) 6 314 (90-693) 5 
32.1 - 3Θ.0 383.5 ( 84- 1051) 6 188 (35-499) 6 
38.1 - 44.0 п.a. 351.4 (51-1393) 7 
total 12 total 18 
Serum PRL levels are expressed in ng/ml; n.a., not available in the 
sample. * Serum PRL levels in female WAG/Rij rats with hemorrhagic 
adenomas were significantly higher than in females with solid adenomas 
(P < 0.002). 
4.3.4 Immunocytochemistry 
All adenomas were stained immunocytochemically with an anti-r-PRL 
antiserum. The tumors of male and female rats showed differences in anti-
r-PRL immunoreactivity. Most of the adenomas in male rats lacked anti-r-
PRL immunoreactivity. In female rats, hemorrhagic adenomas appeared to 
stain positively with anti-r-PRL, whereas most of the solid adenomas were 
negative (P ¿ 0.005; Table 4.4 and Figs. 4.1b, 4.2b and 4.3b). In both 
cases, however, elevated serum PRL levels were found. Within the group of 
female WAG/Rij rats statistically significantly higher levels were found 
in rats with hemorrhagic adenomas (Table 4.3). 
Sections adjacent to those stained with anti-r-PRL were stained with 
anti-h-GH and anti-ACTH antisera. This was done to determine whether GH-
or ACTH-producing adenomas were involved, and was of particular interest 
in the case of PRL-negative adenomas (Figs. 4.1c, d, 4.2c, d and 4.3c, 
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d). Two adenomas, one from a female BN/BiRij rat and one from a female F-| 
hybrid rat showed immunoreactivity for both anti-r-PRL and anti-h-GH, 
Both adenomas were hemorrhagic in type and the serum PRL in these rats 
were 135 and 64 ng/ml, respectively. The latter adenoma also showed 
immunoreactivity for anti-ACTH. The remaining 58 adenomas were negative 
for anti-h-GH and anti-ACTH. 
TABLE 4.4 TW0-BY-TWÜ CONTINGENCY TABLE FOR ANTI-R-PRL 
1MMUN0REACTIVITY 
hemorrhagic solid total 
anti-r-PRL 
positive 28 5 33 
anti-r-PRL 
negative 6 21 27 
total 34 26 60 
A significant difference (P < 0.005) was observed between 
hemorrhagic and solid adenomas; hemorrhagic adenomas 
being anti-r-PRL positive and solid adenomas being anti-
r-PRL negative. 
2c 2d 
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Fig. 4,2a-d Four consecutive sections of a hemorrhagic adenoma in the 
pars distalis of a 31 month-old female WAG/Rij rat stained with: 
a. HPS; note that the blood-filled spaces are lined by tumor cells 
instead of endothelial cells (arrow), b, anti-r-PRL, c. anti-h-GH and d. 
anti-ACTH. The hemorrhagic adenoma reacts positively with anti-r-PRLt but 
negatively with anti-h-GH and anti-ACTH (calibration bar = 8 0 p m ) . 
Fig. 4.3a-d Four consecutive sections of a solid adenoma in the pars 
distalis of a 40 month-old male (WAG χ BN)F 1 rat: 
a. HPS staining; note the lining of bloodvessels by endothelial cells 
(arrow). This solid adenoma reacts negatively with b. anti-r-PRL, с 
anti-h-GH and d, anti-ACTH (calibration bar =80 μ η ) * 
h 5 
4.'4 DISCUSSIONI 
In this study we found that the pituitary tumor incidence is 
stronglv strain dependent. The highest tumor incidence was found in the 
WAG/Rij strain (7П), the lowest in the BN/BiRij strain (1B°o), whereas 
the tumor incidence in the F·] hybrid was between that of the parental 
strains (45Go). These incidence values are in accordance with the results 
of Burek (1978), who studied age-associated pituitary lesions in rats of 
the same two strams and their F-| hybrid. The incidences he found were 
based on the examination of a larger number of animals and were 95°o, 20°o 
and 74Do for WAG/Rij, BN/BiRij and (WAG χ BN)Fi rats, respectively. 
Similar results were found by Wiklund et al. (1981), who found that the 
tumor incidence in the (F344 χ Holtzman)Fi hybrid was intermediate to 
tnose of the parental strains and concluded that pituitary tumor suscep­
tibility has a genetic basis but that it does not result from the 
expression of genes that are simply dominant or recessive. Blankenstein 
et al. (1984), however, found a higher tumor incidence m the BN/BiRij 
females than in the WAG/Rij females, although the mean ages of his series 
of rats were not as high as the rats in the present study. 
In BN/BiRij and (WAG χ BNI)F1 rats, the first tumors were found in 
females of 30 and 24 months of age, respectively, whereas in the WAG/Rij 
strain the youngest animals in which tumors were found were male rats of 
20 months. In general, pituitary tumors in the rat (Berkvens et al. 1980; 
Kroes et al. 1981) as well as in man (Mukai 1983) are more common and 
occur at an earlier age in females than in males. In the rat, Osamura and 
Takayama (1983) even asserted that, in their study, spontaneous pituitary 
tumors containing PRL were found exclusively in females. Burek (1978), 
however, found an earlier onset of pituitary tumors in males of the WAG/ 
Rij strain than was found in our study. 
Using routine histological staining methods, we were able to 
divide the pituitary tumors into hemorrhagic and solid adenomas, 
according to the criteria reported previously by Berkvens et al. (1980). 
It appeared that sex differences in the occurrence of both types were 
absent, although the number of males in our study was rather small. 
Differences in the occurrence of both types were found among the strains 
and the different age groups. 
In our BN/BiRij females, all adenomas but one were hemorrhagic, 
whereas in WAG/Rij females, hemorrhagic and solid adenomas occurred with 
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almost equal frequency. In the WAG/Rij strain, after the age of 30 
months, we exclusively found solid adenomas. As far as we know this is 
the first time that such differences between strains or age groups are 
reported. 
In most of the animals in which pituitary tumors were present we 
found high serum PRL levels, suggesting that they represented prolactino­
mas. The most extreme elevations of serum PRL levels were observed in the 
females, whereas those of the males remained much lower. In man, hyper-
prolactinemia, to an extent that causes serious endocrinological distur­
bances, is also more frequently found in women than in men (von Werder 
1983). In the WAG/Rij strain, we found higher PRL levels in females with 
hemorrhagic than in females with solid adenomas. Strain differences in 
PRL levels were found between the females of the WAG/Rij and the BN/BiRij 
strains. These differences are partly connected with the differences in 
tumor types present in each strain, but if the PRL levels of animals with 
the same type of adenomas are compared, i.e. the hemorrhagic adenomas, 
tendencies to higher levels were observed in the WAG/Rij strain. Before 
the appearence of tumors no strain differences in serum prolactin were 
noticeable; also Blankenstein et al. (1984) did not find significant 
differences in the PRL levels of WAG/Rij and BN/BiRij females of 3 and 
12-24 months of age. Differences in serum PRL levels between these two 
strains were found by Blankenstein et al. (19Θ4) only after induction of 
prolactinomas by estrogen treatment. After this treatment, the PRL values 
of the female WAG/Rij rats were significantly higher than those of the 
BN/BiRij rats, especially when pituitary adenomas had developed. No 
differentiation was made as to tumor type, however. 
Our results show that the two types of adenomas reacted differ­
ently after immunocytochemical staining with anti-r-PRL. The solid 
adenomas virtually always failed to react positively with anti-r-PRL, 
whereas hemorrhagic adenomas were nearly always anti-r-PRL positive. Only 
hemorrhagic adenomas of male rats were sometimes anti-r-PRL negative. In 
contrast with the staining results of Osamura and Takayama (1983), who 
found the brown PAP-reaction product located in a certain part of the 
cytoplasm, a uniform reaction product was diffusely distributed through­
out the cytoplasm of the cells in our material. Most of the morphological 
and immunocytochemical features of pituitary tumors have been also 
studied in man (Kovacs et al. 1975; Kameya et al. 1980; Lloyd et al. 
1983; Schatz et al. 1985). Chromophobic adenomas have been studied most 
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extensively. Itnmunocytochemical staining with anti-r-PRL revealed PRL-
immunoreactivity in a small number of chromophobic adenomas, but no 
correlations could be established between the presence of tumors and 
clinical history or PRI levels (Nieuwenhuijzen Kruseman et al. 1983). A 
great number of chromophobic adenomas failed to stain with anti-h-PRL or 
other pituitary hormone antisera and were characterized as being 
clinically non-functional (Mukai 1983; Zarate et al. 1984). These PRL 
negative tumors were, as in our study, found more frequently in males and 
occurred at older ages than did anti-r-PRL positive adenomas. 
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SUMMARY 
Non-neoplastic pituitary glands of twelve age-groups of 10 male Wistar 
rats (subpopulation 1) and of 228 disordered aged rats (subpopulation 2) 
were studied. A positive correlation was found between body weight, pars 
distalis volume and total PRL-cell volume. These values increased during 
the first half of the life span and decreased to values similar as found 
in young rats, after the 50% survival age was reached. Age-related 
changes were found with respect to the distribution of the PRL cells 
(from homogeneous into inhomogeneous) and to their ultrastructural 
features (PRL cells with polymorphic granules were substituted by cells 
with round granules). Pituitary glands of aged disordered rats showed a 
similar inhomogeneous distribution of PRL cells. Plasma PRL levels of 
both subpopulations were similar. No age-related increase of plasma PRL 
level was found in rats with non-neoplastic pituitary glands. 
Submitted to: Mechanisms of Ageing and Development. 
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Chapter 5 
IMMUNO-LIGHT AND FLECTRON-MICROSCOPIC SIUDY OF PROLACTIN CELLS AND 
PLASMA PROLACTIN LEVELS IN MALE WISTAR RATS DURING AGING 
5.1 INTRODUCTION 
As mentioned in Chapter 1, it is widely accepted that during 
aging plasma PRL levels increase in female rats (Steger 1981; Meites 
1982). In the Sprague-Dawley strain this increase was already found at 
the age of 7 to 9 months (Wise 19Θ2). Fayein and Aschheim (1980) 
described, during the first days of pseudopregnancy, a moderate age-
related increase in blood PRL values in 18 to 24 month-old Wistar rats. 
These increased PRL levels often have been related to the presence of 
spontaneously developing PRL-secreting pituitary tumors, prolactinomas 
(Ito et al. 1972). However, in Chapter 3 it was demonstrated in a study 
of five age-groups (middle-aged to aged) of female BN/BiRij rats that 
increased serum PRL levels were detected at the age of 25-29 months in 
animals with histologically non-neoplastic pituitanes. In rats older 
than 30 months, serum PRL levels were decreased to the same levels as 
found before 25 months. These results indicate that PRL levels increase 
during aging in rats with non-neoplastic pituitanes, but only up to a 
certain age: i.e. the 50°ί survival age. From these results we concluded 
that for studies on the age-related changes in plasma PRL levels it is 
necessary 1) to measure PRL levels at least at three moments of the whole 
life span, and 2) to perform histological examination of the pituitanes 
of the same animals, to secure the absence of prolactinomas. Life span 
and pituitary tumor incidence are strain and sex dependent (Burek 1978). 
The tumor incidence is generally higher in female than in male rats, 
although in some strains tumors were found in about the same freguency 
for both sexes (Burek 1978; Ito et al. 1972). 
For male rats, during aging, increased plasma PRL levels 
(Simpkins et al. 1977; Oethea and Walker 1979; Saksena and Lau 1979; 
Takahashi et al. 1980; Gudelsky et al. 1981) as well as unchanged plasma 
PRL levels (Shaar et al. 1975; Riegle and Meites 1976) have been 
reported. However, in these studies the plasma PRL levels of only two 
age-groups were compared, and the pituitary histology was not examined. 
To establish whether or not increased plasma PRL levels occur 
during aging in male rats with non-neoplastic pituitanes or coincide 
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with the presence of pituitary tumors, we studied animáis from aging 
cohorts of male Wistar (Cpb:WU) rats. A number of animals was allowed to 
complete their life span. At the end of the study the survival curve was 
calculated and the bO°ó survival age was established at 28 months. Plasma 
PRt levels and PRL-cell morphology were studied in groups of randomly 
selected rats at twelve different ages during the whole life span (50°ó 
survival age of these rats was 27 months). These data were compared with 
histological data of the PRL cells and with plasma PRL levels of rats 
showing various kinds of disorders (see Chapter 2) having pituitary 
glands with or without tumors. The survival curves and pituitary tumor 
incidence of the aging cohorts of male WisLar rats were presented in 
Chapter 2. 
5.2 MATERIALS AND METHODS 
5.2.1 Animals (subpopulation 1 and 2) 
In this study two subpopulations of rats were used that were 
derived from our aging cohorts of male Wistar rats (see 2.1.2). 
Subpopulation 1. Groups of ten rats each were sacrificed at twelve 
different moments during the life span. They were chosen at random with a 
lottery table. Additional rats were chosen if pituitary tumors were 
expected. If grossly visible pituitary tumors were encountered at dis-
section these additional rats were sacrificed to obtain ten rats without 
macroscopic pituitary tumors in each group. The following data per rat 
were obtained and/or computed: age, body weight, pars distalis volume, 
PRL-cell-volume density and total PRL-cell volume, ultrastructure of the 
PRL cells and plasma PRL level. Pars distalis cysts and adenomas were 
histologically evaluated. 
Subpopulation 2. After the 90л survival age was reached an increasing 
number of rats developed various kinds of grossly visible disorders and 
the mortality rate increased. A total of 228 of such rats was killed when 
found moribund. The following data per rat were obtained: age, body 
weight, plasma PRL level, PRL-cell histology and the character of pars 
distalis cysts and adenomas. 
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Ь.2.2 Methods 
Light microscopy Hemipituitanes (subpopulation 1) or whole pituitary 
glands (subpopulation 2) were fixed by immersion in BUS for light micro­
scopy. From each hemipituitary a systematic random choice of 10 sections 
was used for point-counting volumetry (Weibel 1979) to estimate the PRL-
cell-volume density. Processing of the tissues and the method of point-
counting volumetry are described in Chapter 2 (2.2.3 and 2.2.b). For the 
calculation of total volumes of PRL cells per whole pituitary gland, the 
PRL-cell-volume densities were multiplied with the pars distalis volumes 
(2.2.5). 
Flectron microscopy Hemipituitanes (the other halves were used for light 
microscopy) from the twelve groups of ten rats (subpopulation 1) were 
fixed by immersion in a sodium-cacodylate buffered mixture of 2°ί glutar-
aldehyde and 2°ί paraformaldehyde (2.2.4). Ultrathin sections of the pars 
distalis were collected on 200 mesh copper grids, stained with uranyl 
acetate and lead citrate (Reynolds, 1963) and examined with a Philips LM 
300 electron-microscope. PRL cells were identified by means of immuno-
plectron-microscopy. This procedure will be extensively described in 
Chapter 6. 
Determination of plasma prolactin All rats (subpopulation 1 and 2) were 
sacrificed by decapitation as described in Chapter 2.2.2. Samples of the 
twelve groups of rats (subpopulation 1) were measured in a single RIA run 
to limit interassayvanation. The other samples (subpopulation 2) were 
measured in three different runs. All resulbs are expressed in ng/ml. 
Statistics Data are presented as mean values ± SEM for each age-group. 
Differences in the plasma PRL levels, the total volumes of PRL cells and 
the PRL-cell-volume densities were tested with Kruskal-Wallis non-
parametric analysis of variance with subseguent multiple comparison of 
groups (Conover 1900). To this end a computer program in BASIC (developed 
by Theodorsson-Norheim 1986) was used. 
The Spearman non-parametric rank correlation test was used to establish 
correlations between the different parameters. In some cases the U-test 
of Wilcoxon, Mann and Whitney was used to compare two groups (Sokal and 
Rohlf 1969). Differences were considered to be significant at Ρ < 0.05. 
If Ρ < U.01 or Ρ < 0.001, these values were also recorded. 
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5.3 RESULTS 
5.3.1 Subpopulation 1 
Body weight and pars distalis volume 
The mean body weight increased from 337.9 ± 10.0 at the age of 3 
months to 578.8 ± 16.5 at the age of 17 months. At the age of 20 months 
the mean body weight showed a dip to 539.71 ± 5.9 g and reached 579.2 
± 22.λ g at the age of 23 months. After 23 months of age the mean body 
weight decreased gradually to 354.3 ± 18.3 g at the age of 35 months 
(Fig. 5.1). The mean pars distalis volume was 4.3 ± g.2
 m m
3
 a
t the age of 
3 months and increased to 5.В ± 0.3 mm^ at the age of 23 months. There­
after, the mean pars distalis volume decreased to 4.5 ± 0.3 rnm' in 35-
month-old animals (Fig. 5.2). A positive correlation between body weight 
and age, and pars distalis volume and age was found when age-groups of 3 
to 23 months were tested. A negative correlation was found when only age-
groups from 17 to 35 months were involved. The body weights and pars 
distalis volumes showed a highly significant positive correlation 
(P 0.001; Fig. 5.3). For each age-group the volume of the pars distalis 
was also computed per 100 g body weight. It appeared that this ratio in 
3-month-old rats was similar to that of rats of 26 months and older, 
whereas it was lower in all rats between 5 and 26 months (Table 5.1; 
Table 5.2) 
TABLE 5.1 MEAN PARS DISTALIS VOLUME PER 100 g BODY WEIGHT 
РЕК AGE GROUP 
Age in Pars distalis volume/1OOg body weight 
months 
3 
5 
10 
14 
17 
20 
23 
26 
29 
31 
33 
35 
mean 
1.29 
1.3 
0.98 
1.03 
1.00 
1.10 
1.02 
1.17 
1.06 
1.26 
1.24 
1.31 
± 
± 
•k 
± 
± 
± 
± 
± 
± 
± 
± 
± 
± 
SEM 
0.05 
0.03 
0.05 
0.06 
0.05 
0.08 
0.07 
0.06 
0.06 
0.09 
0.11 
0.05 
range 
1.24-1.31 
1.11-1.17 
0.93-1.03 
0.97-1.09 
0.95-1.05 
1.02-1.18 
0.95-1.09 
1.11-1.23 
1.00-1.12 
1.17-1.35 
1.30-1.35 
1.26-1.36 
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BODY w e gh' 
r rean · SEM 
3 0 0 i 
4 0 36 
age m mon'hs 
Fig. S.l Mean body weights of 12 groups of male rats ( 10 rats per 
group) of increasing age. Note the age-related increase jn body weight 
during the first half of the life span and the decrease during the second 
half of the life span. 
volume PARS DISTALIS in m m 1 
mean · b t M 
» » 
3 0 36 
age m mort l^b 
Гід. 5.2 Meon pars distalis volumes of 12 groups of male rats ( 10 rats 
per group) of increasing age. Note the age-related increase in pars 
distalis volume during the first half of the life span end the decrease 
during the second half of the life span. 
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volume in mm 3 
• ^ 
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+ V 
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body weight in s 
F i g . 5.3 P o s i t i v e c o r r e l a t i o n between pars d i s t a l i s volume and body 
weight of male r a t s οΓ increasing age (P < 0.001). Data are given as mean 
± SEM. Note that dur ing aging, the pars d i s t a l i s volume and body weight 
increase from the age of 3 months t i l l 23 months ( age-notations beneath 
the point of c o r r e l a t i o n ) and both decrease from the age of 23 t i l l 35 
months (age-notation above the point of c o r r e l a t i o n ) . 
TABLE 5.2 MULTIPLE COMPARISON OF THE PARS DISTALIS VOLUME PER 
100 g BODY WEIGHT OF TWELVE AGE-GROUPS 
age i n 
months 3 10 U 17 20 23 26 29 31 33 
5 
10 
14 
17 
20 
23 
26 
29 
31 
33 
35 
ns 
*** 
• * 
** 
** 
** 
ns 
** 
ns 
η s 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ПЗ 
ns 
ns 
ns 
ns 
ns 
* 
ns 
** 
-* 
*** 
ns 
ns 
ns 
ns 
ns 
* 
* 
* • » 
ns 
ns 
* 
ns 
* 
* 
*** 
ns 
ns 
ns 
ns 
ns 
* 
ns 
ns 
* 
ns 
x·* 
ns 
ns 
ns 
ns 
ns 
ns 
** 
ns 
ns 
Differences between groups are s i g n i f i c a n t at Ρ < 0.05 ( * ) , Ρ 
( * * ) , Ρ < 0.01 (***) ; not s ign i f icant is ns. See also Table 5 . 1 . 
0.01 
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Prolactin-cell volume 
The mean PRL-cell-volume densities and the mean total PRL-cell 
volumes were estimated and the mean total PRL-cell volume is plotted 
against aje in Fig 5.4. In the 3-month-old rats the PRL-cell-volume 
PRL ce ι vo'jme η -лт'
 ι 
mean i SEM 
I 
• 1 
ι ! . · 
1 
:
 . __
 τ
 · , ί 
6 12 18 гі 30 36 
age m months 
T i g . 5.4 Mean PRL c e l l volumes of 10 groups of male r a t s ( 10 rets per 
group) of increasing age. Note the age-related increase i n PRL c e l l 
volume dur ing the f i r s t h a l f of the l i f e span and the decrease dur ing the 
second h a l f of the l i f e span. For m u l t i p l e comparison of groups see Table 
5.4 
density was 22.2 ± 1.16?i and the t o t a l PRL c e l l volume was 0.95 ± 0.04 
mm3. PRL c e l l s were found scattered throughout the pars d i s t a l i s (Fig 
5.5a ). The c e l l s were often i r r e g u l a r l y shaped. Sometimes so-called cup-
shaped PRL c e l l s were present. Cupshaped c e l l s , considered to enclose 
gonadotropic c e l l s (Nakane 1975), were found in the r o s t r a l region of the 
pars d i s t a l i s beneath the hypophyseal c l e f t and the pars intermedia. The 
brown deposit of the anti-r-PRL immunocytochemical staining was found 
homogeneously d is t r ibuted over the cytoplasm of a l l PRL c e l l s . After 3 
months the PRL-cell-volume density as well as the t o t a l PRL-cell volume 
increased. In the p i t u i t a r i e s of 5 and 10-month-old rats the pattern of 
immuno staining was changed. The PRL c e l l s were homogeneously scattered 
throughout the pars d i s t a l i s , but the shape of the c e l l s d i f fered from 
those of 3-month-old rats and were more rounded (Fig 5.5b). The PRL c e l l s 
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in 10-month-old rats occupied 35.1 ± 1.02°i of the pars distalis volume. 
Their total voluiio was 1.56 ± 0.09 mm^. In 14 and 17-month-old rats the 
volume densities of the PRl cell populations were further increased, but 
a strong background staining made a reliable calculation of the volume 
densities impossible. In these age groups more round than irregularly 
shaped PRL cells were found. Cupshaped cells were observed less freguent-
ly. In the 20-month-old rats the background staining was diminished. The 
mean volume density at this age was 33.8 ± 3.26°¿ and the total PRL-cell 
volume was 2.04 ± 0.1B mm'. The individual variation was larger compared 
to that of the groups of younger rats (in one 20-month-old rat, for 
example, the volume density was strongly decreased to 7.6%). Within the 
pars distalis, variation in the distribution of the PRL cells was 
present: in some parts of the pars distalis no PRL cells were present, 
whereas in other parts hyperplasia of PRL cells was observed. The shape 
of the PRL cells had changed, i.e. irregular PRL cells were now pre-
dominant. At the age of 23 months a volume density of 31.4 ± З.ІТо and a 
total volume of 2.04 ± 0.22 mm' was reached. This was the highest total 
PRL-cell volume observed during the life span (Fig. 5.5c). From this age 
on, the distribution of PRL cells was less homogeneous due to PRL-
positive and negative cell hyperplasia, and the PRL-cell-volume density 
and total PRL-cell volumes were decreased. PRL cells in rats older than 
23 months were irregularly shaped and showed a variable intensity of the 
immunocytochemical staining product. Sometimes small dark brown spots 
were observed, probably representing transverse sections of small cyto­
plasmic extensions of the PRL cells (Fig. 5.5d). In the rats of 26 months 
and older, foci of hyperplasia were observed more frequently. Within the 
areas of PRL-negative hyperplasic foci, a few very thin, sometimes cup-
shaped PRL cells were observed. In the 29-month-old rats 31.0 ± 4.2'n, in 
the 31-month-old rats 21.0 ± 4.60¿ and in the 33-month-old rats 24.0 ± 
3.2^ of the pars distalis volume was occupied by PRL cells, corresponding 
with a total PRL-cell volume of 1.54 ± 0.28, 1.18 ± 0.35 and 1.3 ± 0.5 
mm3, respectively. In the 35-month-old rats only 18.4 ± 4.430ó of the pars 
distalis volume was occupied by PRL cells and the total volume amounted 
to 0.02 ± 0.3 mm'. The volume density of the PRL cells in these 35-month-
old rats was similar to the volume density in young rats but because of 
the clustering of the PRL cells their distribution showed more variation 
(Fig. 5.5e). In the 29-, 31-, 33- and 35-month-old rats some PRL-positive 
haemorrhagic microadenomas were found. Pituitary glands with adenomas 
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Fig. 5.5 Anti-r-PRL stained p i t u i t a r y sections of male rats 
of a. 3 months, b. 5 months, с 23 months 
Calibration bar represents 360 and 50 pm, respectively 
PN - Pars nervosa 
PI = Pars intermedia 
PD = Pars d i s t a l i s 
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Fig. 5.5 Anti-r-PRL stained pituitary sections of male PN = Pars ner\osa 
rats of d. 26 months, e. 35 months. PI = Pars intermedia 
Calibration bar represents 360 μη and 50 μπι, respectively pp . pars distaila 
were excluded from the present s tudy. No c o r r e l a t i o n was found between 
the t o t a l PRt-cel l volume and age, whereas a s i g n i f i c a n t c o r r e l a t i o n (Ρ < 
0.05) was found between the PRL-cell-volume densi ty and age. Ihe t o t a l 
volume of PRL c e l l s appeared to increase u n t i l the 50°ó survival age and 
the maximum body weight were reached. Moreover, PRL-cell volumes as well 
as body weights and the pars d i s t a l i s volumes, decreased in older r a t s . 
S igni f ican t c o r r e l a t i o n s (P < 0.0001) were found between body weight and 
PRL-cell-volume densi ty and body weight and t o t a l PRL-cell volume. PRL-
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cell volumes are plotted against body weights in Fig. 5.6 (page 88). The 
total PRL-cell volume/100 g body weight was similar in all age-groups. 
With the Kruskal-Wallis test PRL-cell-volume densities and total PRL-cell 
volumes of all groups showed significant changes with age (P < 0.05 and Ρ 
<0.05, respectively). Subsequent multiple comparison of groups (Table 
5.3 and 5.4, respectively) revealed differences between a number of 
groups. 
TABLE 5.3 MULTIPLE COMPARISON OF THE PRL CELL VOLUME DENSITIES 
OF TEN AGE-GROUPS 
age in 
months 3 5 10 20 23 26 29 31 33 
5 
10 
20 
23 
26 
29 
31 
33 
35 
ns 
•** 
** 
** 
ns 
ns 
ns 
ns 
ns 
* * • 
* 
* 
ns 
ns 
ns 
ns 
η s 
ns 
ns 
*» 
ns 
*** 
** 
*** 
ns 
** 
ns 
*** 
** 
*»* 
* 
ns 
** 
* 
* * • 
ns 
ns 
ns 
ns 
• 
ns 
** 
ns 
ns 
Differences between groups are significant at Ρ < 0.05 (*), Ρ < 0.01 (**) 
and P < 0.001 (***); ns: not significant. 
TABLE 5.4 MULTIPLE COMPARISON OF THE TOTAL PRL VOLUMES 
OF TEN AGE-GROUPS 
age in 
months 3 5 10 20 23 26 29 31 33 
5 
10 
20 
23 
26 
29 
31 
33 
35 
ns 
** 
*** 
*** 
ns 
* 
ns 
ns 
ns 
# 
** 
** 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
•* 
* 
*** 
ns 
ns 
ns 
*** 
** 
*** 
ns 
ns 
*** 
** 
*** 
ns 
ns 
ns 
» 
ns 
ns 
* 
ns 
ns 
Differences between groups are significant at Ρ < 0.05 (*), Ρ < 0.01 (**) 
and Ρ < 0.001 (***); ns: not significant. See also Fig. 5.4 
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Pars distalis cysts and adenomas 
In the pituitanes of 3-month-old rdts, no cysts were observed. 
In two 5-month-old rats multilocular cysts were found. These cysts had an 
epithelial lining of cuboidal cells provided with cilia. In the anti-r-
PRL-stained sections, in which PRL-positive cells were found, the 
contents of these cysts were unstained (Fig.5.7a). In the 10-month-old 
rats, only in one animal a cyst was found, but it was located in the pars 
intermedia. In the 14-month-old rats, three pituitanes showed the 
presence of pars distalis cysts, two of which also possessed a cyst in 
the pars intermedia. In 17-month-old rats two pituitanes with pars 
distalis cysts were found and one with a pars intermedia cyst. The latter 
did not show a ciliated epithelial lining and its content reacted 
positively with anti-r-PRL. In 20 as well as in 23-fTranth-old rats three 
pituitanes contained cysts with epithelial lining and cilia. From this 
age on, an average of 25°ί of the pituitary glands contained cysts. 
Instead of a ciliated epithelial lining and anti-r-PRL negative content 
most cysts were lined by adenohypophyseal cells and showed an anti-r-PRL 
positive content (Fig. 5.7b). In the oldest rats (35 months) no cysts 
wore found. Apart from the age-groups of ten rats used in this study, 
some macroscopic adenomas were found. 
The first macroscopic pars distalis adenoma was found in a 14-
month-old rat and appeared to be hemorrhagic (fig. 5.Θ). At the age of 26 
months, two pituitary glands with adenomas were found. In one pituitary a 
hemorrhagic adenoma with anti-r-PRL positive cells was located next to a 
non-neoplastic part and a field of small PRL-positive cells, in which a 
PRL-positive perinuclear staining product was found. The adenoma in the 
other pituitary gland was partly PRL-positive. In both adenomas irregu­
larly shaped, yellow-coloured cell substances were observed indicating 
the presence of aging pigment or lipofuscine. In 29-, 31-, and 33-month-
old rats, two pituitanes with macroscopic tumors were found. All 
appeared to be PRL-positive hemorrhagic adenomas and contained lipo­
fuscine. In the 35-month-old rats, two adenomas were recognized macro-
scopically and two microscopically. Three of these adenomas were haemor-
rhagic, the other one was characterized by fields of large and small PRL-
positive cells containing a considerable amount of lipofuscine. 
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Fig. 5.7 a. Pars distalis cyst in a anti-r-PRL stained section showing a 
anti-r-PRL-negative content and lined by anti-r-PRL-negative ciliated* 
cells. Calibration bar is 20 ^ 
b. Pars distalis cyst in a anti-r-PRL stained section showing anti-r-PRL 
immunoreactivity of its content and of the lining cells. These lining 
cells are not provided with cilia. Calibration bar represents 50 μηη 
ib 
Fig. 5.8 Haemorrhagic microadenoma in the pars distalis of a 
'male Cpb:WU lat. Note that all adenomatous cells are anti-r-PRL 
positive. • = blood Іцрыпе. Calibration bar represents 
360 μη and 50 gm, respectively 
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Ultrastructure of the prolactin cells 
Observation of the anti-r-PRL stained ultrathin sections revealed 
that the protein Α-gold particles were almost exclusively confined to the 
secretory granules of the PRL cells. On the basis of the shape of the 
granules, two types of anti-r-PRL positive cells could be distinguished: 
cells with polymorphic granules and cells with round granules (Figs. 
5.93^). A difference in staining intensity between both cell types was 
observed: in general, the labeling intensity of polymorphic granules was 
greater than the labeling intensity of round granules. Qualitatively, the 
occurrence of each of these cell types seemed to vary with age (Table 
5.5). The cells with polymorphic granules were especially found in young 
(3-5 month-old) rats. In 10-month-old rats this cell type was less 
frequent, whereas from the age of 14 months till the age of 31 months 
this cell type was hardly found. In the pituitaries of 31-, 33-, and 35-
month-old rats again PRL cells with polymorphic granules were observed. 
These cells were also encountered in the PRL-positive adenomas found in 
the older rats. On the other hand, PRL cells with round granules were 
hardly found in young rats, whereas their number increased with age 
During further aging, the diameter of the round granules decreased. Only 
in the pituitary gland of one of the 20-month-old rats, cells with poly­
morphic granules were observed. The pars distalis cells of this gland 
contained an extremely high number of lysosomes and lipid droplets. In 
this animal the PRL-cell-volume density was extremely low (.7.6% compared 
to a mean value of 33.8?ί; cf. 5.3.1.2). In the other rats of 20 months 
old, sometimes large areas of cells with labeled small round granules 
were observed. In 23-month-old animals, multiple exocytosis and multi­
vesicular bodies were present. In 26-month-old rats the majority of the 
PRL-cell population consisted of cells with small round granules, and 
lipid droplets and lysosomes were more frequent. In 29-month-old rats it 
was difficult to find the PRL cells. In 31-, 33- and 35-month-old rats 
the occurrence of PRL cells with round granules was slightly decreased in 
favor of cells with polymorphic granules. 
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TABLE 5.5 PRL CELL TYPES AND PLASMA PRL LEVELS AT DIFFERENT AGES 
Age in 
months 
3 
5 
IO 
14 
17 
20 
23 
26 
29 
51 
33 
35 
PRL 
pol^ 
cells wi 
'inorphic 
+++ 
+++ 
l·+ 
+ 
+ 
+ 
-
+ 
+ 
++ 
++ 
++ 
th 
granules 
PRL cells with 
round granules 
+ 
+ 
++ 
+++ 
+++ 
+++ 
+++ 
+++ 
++ 
++ 
++ 
Plasma 
ng/ml 
12.4 
9.1 
7.5 
5.1 
15.0 
18.3 
8.9 
9.1 
6.3 
18.6 
11.9 
13.6 
± 
± 
± 
± 
i 
± 
± 
± 
i 
± 
± 
± 
PRL 
2.6 
1.1 
1.5 
0.9 
2.9 
5.2 
2.0 
2.4 
0.9 
5.6 
1.2 
2.1 
-, +, ++, +++: relative abundancy of the particular cell type. 
Plasma PRL levels are given as mean value ± SEM. 
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Гід. 5.9 Micrographs of anti-r-PRL positive cells. PRL cell with 
polymorphic granules (a) and round granules (b). Note the gold particles, 
confined almost exclusively to the secretory granules. 
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Fig- 5.6 Positive correlation between PRL cell volume end body weight оГ 
male rats of increasing age ( P<0.001). Data are given as mean ± SEM. 
Note that during aqing, the PRL cell volume and body weight increase Ггот 
the age of 3 months till 23 months (age-notations beneath the point of 
correlation) and both decrease from the age of 23 till 35 months 
(age-notation above point of correlation). 
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5.10 Mean plasma PRL levels of twelve groups of male rats (10 rats 
group) of increasing age. For multiple comparison of groups see Table 
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Plasma prolactin 
The lowest mean plasma PRL level (5.1 ± 0.9; Table 5.5) was found 
in the group of 14-month-old rats. The highest mean plasma PRL levels 
were found in the groups of 20 and 31-month-old rats, 18.3 ± 5.2 and 18.6 
± 5.6, respectively. In the rats of the other age-groups intermediate 
values were found. Mean plasma PRL levels were plotted against age in 
Fig. 5.10. A negative correlation was found between age and plasma PRL (P 
< 0.05). No correlation was found between plasma PRL and body weight or 
total PRL-rell volume. The Kruskal-Wallis test showed differences between 
the plasma PRL levels of all age-groups. The results of the subsequent 
multiple comparison of groups are shown in Table 5.6. 
TABLE 5.6 MULTIPLE COMPARISON OF PLASMA PRL LEVELS 
OF TWELVE AGE-GROUPS 
Age in 
months 3 10 14 17 20 23 26 29 31 33 
5 
10 
14 
17 
20 
23 
26 
29 
31 
33 
35 
ns 
ns 
* 
ns 
Π3 
ns 
ns 
* 
ns 
ns 
π s 
ns 
* 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
* 
* 
ns 
ns 
ns 
» 
* 
* 
»*» 
*** 
ns 
ns 
ns 
*»* 
** 
*** 
ns 
* 
* 
** 
ns 
ns 
ns 
ns 
ns 
*>l· 
ns 
ns 
ns 
ns 
ns 
* 
ns 
* 
ns 
* 
ns 
* 
** 
ns 
** 
** 
ns 
* = Ρ < 0.05, ** = Ρ < 0.01, *** = Ρ < 0.001; ns: no significant differ­
ence. See also Table 5.5 and Fig 5.10. 
5.3.2 Subpopulation 2 
Animals 
From the age of 20 months on, subcutaneous tumors and other dis­
orders (such as cataract, paralysis, disorders of the lung, thymus, 
prostate, testis, liver, kidney, adrenal, bladder and lung) were present 
and mortality was increased. Such rats were killed when found moribund. 
They varied in age from 20 to 36 months. The majority of rats with dis­
orders was collected between the age of 25 and 30 months (Table 5.7). 
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TABLE 5.7 AGE-RELATED DISTRIBUTION OF RATS WITH DISORDERS REMOVED FROM 
THE AGING COHORT OF MALE WISTAR RATS 
age in 
months 
20 
23 
26 
29 
31 
33 
35 
no. 
14 
IB 
79 
66 
28 
16 
7 
percentage 
6.1 
7.9 
31.6 
28.9 
12.3 
7.0 
3.1 
Percentages per age-group are 
expressed per total number of 
228 rats. 
Body weight 
With exception of the mean body weight of the oldest rats, mean 
body weights of the rats of subpopulation 2 were lower than those of the 
rats of subpopulation 1 (Table 5.8). 
TABLE 5.8 COMPARISON BETWEEN BODY WEIGHTS OF HEALTHY RATS 
(SUBPOPULATION 1) AND RATS WITH DISORDERS (SUBPOPULATION 2) 
REMOVED FROM THE SAME AGING COHORT OF MALE WISTAR RATS 
age in 
months 
20 
23 
26 
29 
31 
33 
35 
subpop ulal 
mean body 
in g ± 
539.7 
579.2 
417.2 
449.6 
410.0 
379.3 
354.3 
tion 1 
weight 
SEM 
± 
± 
± 
•k 
± 
± 
± 
5.9 
22.1 
9.8 
9.3 
6.2 
12.7 
18.3 
subpopulation 2 
mean body 
in g ± 
493.6 
509.6 
' 421.0 
317.6 
375.4 
319.3 
440.2 
weight 
SEM 
± 
•t 
± 
± 
± 
± 
± 
2.5 
31.9 
11.8 
11.8 
3.0 
11.6 
9.8 
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Prolactin cells 
Pituitary sections of the disordered rats were stained with anti-
r-PRL. The PRL-cell population showed a similar great variability in 
distribution as in the groups of healthy rats. In most pituitaries the 
PRL cells showed an irregular distribution over the pars distalis, and 
PRL-positive as well as PRL-negative foci of hyperplasia were found. The 
presence of pars distalis cysts varied from 14 to 33% and was similar to 
the percentages found in the pituitaries of the healthy rats. In most 
cases adenomas were recognized macroscopically by the increased size of 
the pituitary gland and, in a few cases, microscopically by the 
structural signs of compression shown by the surrounding tissue (see 
Chapters 2 and 4). Most of the adenomas showed a positive staining with 
anti-r-PRL and hemorrhagic features. 
TABLE 5.9 THE PERCENTAGE OF ADENOHYPOPHYSEAL CYSTS IN 
DISORDERED RATS OF INCREASING AGE 
age in % cysts in the % cysts in the 
months pars distalis pars intermedia 
20 6 
23 33 
26 23 1 
29 33 15 
31 14 
33 14 
35 2Θ 2Θ 
Percentages are calculated per total number of 
animals per age-group. 
Plasma prolactin 
Plasma PRL levels of rats with and without pituitary tumors 
ranged from 2 to 4100 ng/ml and an age-related increase in plasma PRL 
levels was found. The highest PRL levels were found in rats with 
pituitary tumors and since the tumor incidence increased with age (see 
Chapter 2) this explains most of the age-related increase. Plotting 
plasma PRL levels against body weights revealed an inverse relation (data 
not shown). The highest plasma PRL levels were found in rats with 
pituitary tumors and a body weight between 235 and 400 g. Plasma PRL 
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levels of rats without pituitary tumors were similar to the plasma PRL 
levels found in rats from subpopulation 1. 
5.4 DISCUSSION 
5.4.1 Body weight and pars distalis volume 
The mean body weight of the male Wistar rats appeared to increase 
from young age until the age of 17 months. From the age of 23 months on, 
the mean body weight gradually decreased. The lower body weights of the 
disordered rats were probably caused by the presence of diseases. The 
higher body weights in the oldest disordered rrfts may be related to the 
presence of subcutaneous tumors, for male F344 rats a similar increase in 
body weight, until 77 weeks (= 17 months), and a decrease after the age 
of 97 weeks (23 months) has been described by Solleveld (19B4). The peak 
body weight in these male F344 rats was 468 g, whereas the peak body 
weight we found for the Wistar male rats was 707 g. The peak body weights 
in our study as well as in the study of Solleveld (1984) were found 
before the 50°ó survival age was reached. In the work of Burek (1978) the 
highest mean body weights of male BN/BiRij, WAG/Rij and (WAG X BN)F-| rats 
were less than 500 g and were given only until the 50°ó survival age. 
Thus, for these strains a possible decline in body weight after the 50oo 
survival age was so far not recorded. 
The pars distalis volume also increased in the first half of the 
life span. This was followed by a decrease in the second half. The pars 
distalis volume per 100 g body weight, however, decreased from the age of 
5 months till 26 months. From these results it may be concluded that 1. 
the increase in body weight precedes the increase of pars distalis volume 
in the first half of the life span and 2. the decrease in body weight 
precedes the decrease in pars distalis volume in the second half of the 
life span. Instead of the pars distalis volume, the anterior pituitary 
weight of rats of increasing age (10-600 days) has been measured by 
Bowman (1961). This author found that the ratio of anterior pituitary 
weight to body weight exhibited a decrease with age. Takahashi and 
Kawashima (1983) found an increase of pituitary weight in the male 
Wistar/Tw rat from 5.0 mg at the age of 3 months to 8.4 mg at the age of 
18 months, wherease the mean life span of these rats was 17 months. 
Unfortunately, older rats were not involved in this study. In the same 
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study, the pituitary weight was given per 100 g body weight and this 
value was significantly decreased in 18 months old rats as compared to 3 
months old rats. Our data on the pars distalis volume per 100 g body 
weight showed a similar age-related decrease. 
5.4.2 Prolactin-cell volumes during aging 
In the pituitary of the young male Wistar rat immuno reactive PRL 
cells were found scattered throughout the pars distalis. They occupied 
approximately 23% of the pars distalis volume. With classical histo-
chemiral staining procedures only part of the PRL cells were identified 
by their aFFinity to acid dyes (Brookes 196Θ) and until the use oF 
immunocytochemical staining procedures, it was thought that the percen­
tage oF PRL cells in the male rat was lower than in the Female rat. 
However, immunocytochemical staining oF the PRL cells in 2-6-month-old 
male and female rats of the Long-Evans, the Sprague-Dawley and the Fisher 
344 strain showed that the distribution and relative numbers of the PRL 
cells were similar for both sexes (Phelps 1986). The homogeneous distri­
bution of the PRL cells in our young Wistar rats is consistent with the 
results of Vodian (1979), who found with biochemical methods, a homo­
geneous distribution of PRL, and an identical PRl secretory capacity in 
different regions of rat anterior pituitanes. However, for the female 
rat Cronin et al. (1982) found higher PRl cell volume percentages in the 
lateral parts of the pars distalis than in the central parts. The volume 
density, the total volume of PRL cells and the PRL-cell distribution 
changed during aging in male Wistar rat. As far as we know, PRL cells in 
rats have been studied by others until the age of 32 months. Cell numbers 
were counted instead of volume densities and contradictory results have 
been obtained. Ruitenberg et al. (1974) observed a relative number of 15°ί 
in male Wistar rats, that ranged in age From 6 to 12 months. This percen­
tage was decreased to 5% in 24-month-old rats. In their study classical 
histological staining techniques were used instead oF immunocytochemical 
staining techniques. Takahashi and Kawashima (1983) used immunocyto-
chemically stained sections of pituitary glands but did not find any 
significant change in shape and percentage of the PRL cells in male 
Wistar/Tw rats until 20 months of age. Similar to our study, Phelps 
(1986) found, that the relative PRL-cell population in 20-32-month-old 
male Fisher 344 rats amounted to 38.8°ί and was significantly larger than 
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in 2-6-month-old rats. In male Long-Evans rats a progressive increase in 
number of PRL cells was consistently observed with increasing age by Lee 
et al. (19Θ2). In our male Wistar rats, however, the increase of the 
volume of PRL cells was followed by a decrease after the 50οό survival age 
was reached. No significant correlation between total PRL-cell volume and 
age was found. Between PRL cell volume and pars distalis volume ds well 
as between PRL cell volume and body weight a highly significant corre­
lation was found. 
Also in literature, dealing with age-related changes of the PRL cells in 
the human pituitary, contradictory results have been reported. Sun et 
al. (1984) did not find any significant decline in number of PRL cells 
with age (16-90 year). Kovacs et al. (1977) studied pituitary glands 
obtained at autopsy from 20 male and 20 female subjects, over 80 years of 
age and concluded that PRL cells do not regress in old age. On the other 
hand, Baker and Yu (1977) studied pituitanes obtained at autopsy of 6 
females ranging in age from 26 to 72 years and 26 males with ages ranging 
from 6 weeks to 89 years and found that PRL cells regressed with ad­
vancing age as manifested by a reduction in size and relative number. 
Similar to our study on the pituitary of the rat, two types of PRL cells 
were distinguished. Moreover, it was stated by these authors that immuno-
histological procedures were required for the staining of the PRL cells 
because it was not possible to stain PRL cells consistently with the 
Brookes' stain. 
5.4.3 Pars distalis cysts and adenomas 
Pars distalis cysts were found during aging in the rats of sub-
population 1 and 2. The presence of cysts was slightly increased in some 
age-groups of subpopulation 2. A maximum of 330ί was found in subpopula-
tion 2 compared to a maximum of 25°ί in subpopulation 1. 
Mullink (1984) studied pars distalis cysts in male rats of the Wistar 
Cpb:WU strain with severe clinical signs of disease, that were killed or 
died before the 20% survival limit. The percentage he found was less than 
that in our study and varied from 15 to 22%, depending on the diet of the 
animals. With increasing incidence of hyperplasia in the anterior 
pituitary, cysts with ciliated epithelial lining and a negative reaction 
with the anti-r-PRL staining were substituted by cysts that were lined by 
adenohypophyseal cells and with contents that were stained positively 
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with anti-r-PRL. Cysts can be single or multiple, unilocular or multi-
locular and their contents can be starnatale or appear "empty". They can 
vary from tiny follicles to huge bladders and often possess an epithelial 
lining, which can consist of single layered or partly multilayered, often 
flattened, sometimes cuboidal or columnar mucus-secreting and ciliated 
cells (for review see Benjamin 1981). The pars diatalis cysts that were 
observed in young male Wistar rats conformed this description. In the 
older rats, the ciliated epithelial lining was substituted by a non-
ciliated lining and the content stained positively with anti-r-PRL. 
5.4.4 Ultrastructure of the prolactin cells 
An age-related change in ultrastructural characteristics was 
observed in the PRL cells. In young male rats (3 and 5 months old) most 
PRL cells contained polymorphic granules, whereas in older male rats 
despite of the light-microscopic observed increase in PRL-cell volume the 
percentage of PRL cells with polymorphic granules decreased. Until the 
age of 35 months most PRL cells contained round granules, whereas cells 
with polymorphic granules were found in rats with PRL-cell hyperplasia or 
adenomas. Since in former studies of the PRL cells no immunocytochemical 
staining was used, only cells with polymorphic granules have been 
identified as prolactin cells (Costoff 1973; Herbert et al. 1977). Poole 
and Kornegay III (19B2) used the criteria that in female rats the PRL 
cells were easy to identify because of the large dimensions of the 
secretory granules (550-900 nm in maximal diameter) and their polymorphic 
shape to calculate the numerical density of the PRL cells. On the basis 
of similar morphological features of the granules, Monarty (1973) found 
20% PRL cells in the female and ΊΟΊ: in the male rat. The possibility 
exists that in all these studies, but especially in studies of the 
numerical density or ultrastructural changes of PRL cells in male rats, 
part of the PRL cells (i.e. PRL cells with round granules) escaped 
attention. Since 1980 it is known from the work of Nogami and Yoshimura 
(1980; 1982), who used an indirect immunocytochemical method, that at 
least three PRL-cell types exist in the male pituitary. Smets et al. 
(1987), who used (similar as in our study) a direct immunogold labeling, 
recently reported the presence of two types of PRL cells in adult rat 
pituitanes. PRL cells containing polymorphous granules measuring about 
500 nm were prevalent in female pituitanes, whereas PRL cells with 
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spherical granules of about 20D nm wore prevalent in ггміе pituitanes. 
These authors observed in female rats that the PRL cells with small 
granules were labeled to a lessor extent than the PRL cells with large 
granules. This phenomenon was also observed in the male rats of our 
study. The different PRL-cell types might reflect different stages of a 
secretory cycle, as has been concludeci by Nogami (1984) on the basis of 
observations on PRL cells after treatment with testosterone and 
oestradiol. An age-related difference in the occurrence of both cell 
types was observed in our study. During aging PRL cells with polymorphic 
granules were substituted by PRL cells with round granules. The fact that 
in PRL-cell hyperplasia and adenoma, PRL cells with polymorphic granules 
were found supports the opinion of Nogami (1984) that cells with poly­
morphic granules are actively engaged in the release of PRL. 
5.4.5 Plasma PRL 
No consistent increase in plasma PRL levels in rats without 
pituitary tumors could be established. However, in some age-groups plasma 
PRL levels were significantly increased, and this increase opens the 
possibility that an increase in plasma PRL level precedes the development 
of a pituitary tumor. In the literature contradictory results have been 
described. Both, increased (Simpkins et al. 1977; Gudelsky et al. 1981) 
and unchanged plasma PRL levels (Shaar et al. 1975) have been found 
during aging. However, all these results are based on plasma PRL levels 
of only a few age-groups and systematic histological examination is 
lacking. 
It may be concluded that there is no increase in plasma PRl 
levels during aging in the male rat. This conclusion is based on the 
results from our systematic study of twelve "healthy" age-groups and of 
Lhe rats that were killed when found moribund with "normal" pituitanes. 
In cases that increased plasma PRL levels were found, PRL cell hyper­
plasia was thought to be responsible. Most pituitary tumors were were 
positive for anti-r-PRL and their presence was associated with increased 
plasma PRL levels. Sometimes extremely high values were found. It could 
be argued that the increased pituitary tumor incidence during aging is a 
common phenomenon and thus that pituitary tumors may not be excluded from 
an age-related study of the PRL cells in the pituitary and from studies 
of plasma PRL levels. However, the fact that this incidence is depending 
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on the sex and strain does not justify this statement. Also in studies of 
human pituitanes differences in tumor incidences have been found. The 
incidence was reported to vary from 8 - 11°ί by Costello (1936). Histo­
logical examination of pituitaries removed at autopsy resulted in an 
incidence of microadenomas of ITo (Burrow et al. 19B1). Recently Miyai et 
al. (1986) studied Θ450 men and 2100 women. Hyperprolactinemia was found 
in only 0.17o¿ of the men and in 1.20í of the women. The incidence of pro-
lactinoma was estimated to 0.036οί in men and 0.095°í in women. 
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SUMMARY 
Prolactin cells were identified by means of immunocytochemistry with 
protein-Α gold as a marker on ultrathin sections of the pituitary gland 
of young (3-4 months), middle-aged (16-19 months) and aged (26-30 monlhs) 
male Wistar rats. Point-counting volumetry revealed that the prolactin 
(PRL) cell-volume density in middle-aged rats was significantly increased 
in comparison to the volume densities in young and aged rats. Within the 
PRL-cell population, four types of PRL cells were distinguished on the 
basis of the shape and size of their secretory granules. During aging, 
dramatic changes occurred in the relative volumes of the four cell types. 
The volume percentage of cells with round granules (type I, granule 
diameter '\Ь0-2ЬП nm, and type IIA, granule diameter 2Ь0-350 nm) increased 
from ± 3ϋ"ί in young rats to ± 900ó in old rdts. The volume percentage of 
cells with round and polymorphic granules (type Ilß; granule diameter 
ЗЬО-400 nm and type III; granule diameter 500-600 nm) decreased from ± 
70% in young rats to ± 7n5 in old rats. Age-ielated changes in serum PRL 
levels were not found. It is concluded that although during the life span 
of the male Wistar rat considerable changes in PRL-cell-volume densities 
and in the ratios of PRL-cell types occur serum PRL levels remain more or 
less constant. 
Cell and Tissue Research (1988), in press. 
With: AJ Kiliaan 
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Chapter 6 
IMMUNO-ELECTRON-MICROSCOPIC STUDY OF THE PROLACTIN CELLS IN THE 
PITUITARY GLAND OF MALE WISTAR RATS DURING AGING 
6.1 INTRODUCTION 
In the pituitary gland of the male rat, three types of prolactin 
(PRL) cells have been distinguished on the basis of the morphology of 
their secretory granules (Nogami and Yoshimura 1982). After estrogen 
treatment, the relative ratios of these different types of PRL cells have 
been observed to change considerably, suggesting that estrogen induces 
the conversion of one PRL-cell type into another; this conversion 
probably reflects a change in PRL secretion, since it is accompanied by a 
rise in serum PRL levels (Nogami 1984). Changes in serum PRL levels occur 
frequently and are caused by, e.g., functional demand (Voogt et al. 1970; 
Nagy et al. 1985), circadidn rhythmicity (Mattheij and Swarts 1978), 
stress (Wiggins et al. 1979) dnd PRL-producing pituitary tumors 
(Trouillas et al. 1982). Moreover, during the last decade age-related 
changes in serum PRL levels have been reported (Meites 1982). A 
significant rise of serum PRL levels has been found in middle-aged and 
aged female rats (Demarest et al. 1982; Wise 1982). 
In male rats age-related variations in serum PRL levels are less 
obvious, and aging studies have led to contradic'tory results. Some 
authors found an increase in serum PRL levels in male ratb during aging 
(Simpkins et al. 1977; Demarest et al. 1985), whereas constant PRL levels 
were reported by Shaar et al. (1975). In these studies no attention was 
paid to the morphological features of the PRL-producing cells. On the 
other hand, in morphological studies on age-related changes in the PRL-
cell population, the accompanying serum PRL levels are often lacking 
(Ruitenberg et al. 1974; Takahashi and Kawashima 1983). In a light-
microscopic study on pituitary glands of male rats the percentage of PRL 
cells did not show a significant change until the age of 20 months 
(Takahashi and Kawashima 1983). 
The aim of our study was to investigate the PRL-cell-volume 
density and the relative ratios of the PRL-cell types in the pituitary of 
the male rat during aging, in correlation with serum PRL levels. Immuno-
electron-rrucroscopic techniques were used to identify the structurally 
different types of PRL cells during the life span of the male rat. 
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6.2 MATERIALS AND METHODS 
Animals Young (3-4 months), middle-aged (16-1У months) and aged (26-30 
monthb) male WisUir rats (Cpb:Wu) were used. We ddopt ed the definition 
for лп aged rat given by Zürcher et al. (1982), which stdtes that an old 
rat is one that has passed the 50°ί survival age for its strain and is 
derived from a population exhibiting a more or less rectangular survival 
curve and in which those that die exhibit multiple pathological changes 
(Chapter 2.1.2). Seven animals per age-group were used. They were 
sacrificed by decapitation to avoid stress, and between 9.00 and 10.30 
a.m., to avoid influences of circadian rhythms on PRL levels in the 
blood. Trunk blood was allowed to clot at S'C for approximately 5 h. Sera 
were stored at -20<>C until assay. 
Fixation and immunolabeling procedure The pituitary gland was dissected 
and the neurointermediate lobe was separated from the anterior lobe. The 
latter was cut into five pieces, which were fixed for electron micro­
scopy. The tissues were fixed by immersion in a mixture of 2% glutar-
aldehyde and 2°ί paraformaldehyde in a 0.1 M sodium cacndylate buffer (pH 
7.2) for 1 h at 4°C and postfixed in Го 0ч04 in the same buffer for 1 h 
at room temperature. After dehydration the tissues were embedded in Epon 
812 (Serva). Ultrathin sections were placed on 200 mesh copper grids for 
routine examination. For immunolabeling with anti-rat-PRL (kindly donated 
by Dr. J.A.M. Mattheij, Wageningen, The Netherlands), pale gold sections 
were placed on 300 mesh nickle grids. 
The sections were etched on drops of 10°ó hydrogen peroxide for 5 m m . 
The grids were placed successively on: 
1. distilled water; 
2. 0.1 M phosphate-buffered saline with 50 mM glycine (PBS gly; pH 7.4) 
for 10 m m . ; 
3. PBS containing 0.5°i bovine serum albumin and 0.2°i gelatin (PBG), four 
times at 5 m m . each; 
4. anti-r-PRL in PBG for 72 h at 4eC (1:1000); 
5. PBG, six rinses of 5 m m . each; 
6. Protein-A gold diluted in PBG for 1 h at room temperature (1:25); 
7. PBG, six rinses of 5 m m . each; 
Θ. PBS, three rinses of 2 m m . each; 
9. distilled water. 
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The protein A-gold solution was prepared in our laboratory following the 
modified method of van Bergen en Henegouwen and Leumssen (19Θ6) by 
reduction of chloroaunc acid with white phosphorus. The gold particle 
diameter was 7.9 nm. 
Controls were carried out by omitting the antiserum, by replacing the 
antiserum by normal rabbit serum, and by liquid-phase adsorption of the 
antiserum with purified rat prolactin (MIADDK-r-PRL-B-5). Sections were 
stained with ledd citrate for 1.5 m m for contrast. Observations were 
made with a Philips 201 electron microscope. 
Classification of the prolactin-cell types All anti-r-PRL-positive cells 
wore considered to represent PRL cells. After the immunocytochemical 
staining at the electron-microscopic level, two categories of PRL cells 
could be distinguished on the basis of the shape of the secretory 
granules. One category contained polymorphic and round granules, the 
other contained exclusively round granules. Within each of these 
categories two cell types could be distinguished on the basis of si/e of 
their secretory granules. 
Type I : cells with round granules with a diameter of 150-250 nm; 
type IIA : cells with round granules with a diameter of 2i>0-300 nm; 
type IIB : cells with round and polymorphic granules with a diameter of 
350-400 nm; 
type III : cells with round and polymorphic granules with a diameter of 
500-600 nm (Fig. 6.1A-D). 
This classification is partly based on the classification of Nogami and 
Yoshimura (1980, 19Ö2) and Nogami (1984). 
Estimation of the prolactin-cell-volume density The volume density of the 
PRL cells was estimated by point-counting volumetry (Weibel 1979). The 
corners of the gridholes were used as testpoints. The volume density was 
estimated by dividing the number of testpoints hitting anti-r-PRL-
positive cells by the total number of testpoints. The number of points 
that had to be counted to reach a relative measuring error of 15"ó was 
calculated by formula 3.26 of Weibel (1979) and resulted in the following 
numbers per rat: 17B points in 3-month-old rdts, 103 points in middle-
aged, and 400 points in aged rats. By counting one fifth of the necessary 
number of testpoints in one section of each of the five pieces of each 
pituitary gland, a reproducible PRL-cell-volume density in the total pars 
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total pars distalis was obtained. Volume densities of the PUL cells are 
given as percentages of the pars distalis volume. Medn volume densities 
(± SEM) were calculated for each agp group. 
Relative number of the prolactin cell types for the estimation of the 
relative number of each of the four PRL-cell types, a similar method as 
described for the estimation of the volume densities was used. For each 
animal the ratio of each cell type was calculated as the percentage of 
the total PRL-cell population. The mean percentage (± ЬСМ) of each cell 
type was calculated per age group. 
Determination of serum prolactin Serum PRl in 5 to 10 serial 1:2 
dilutions was measured using a NIADDK rat PRL radio immunoassay (RIA) 
kit. The results are expressed in terms of NIADDK-r-PRL-3. To limit 
inter-assay variation, all samples were measured in a single RIA run 
(intra-assay coefficient of variation, 0.06). 
Statistical test Differences between the three age groups were tested 
with the 0-test of Wilcoxon, Mann and Withney (Sokal and Rohlf 1969). 
Statistical significance was accepted at Ρ < 0.05. 
6.3 RESULTS 
6.3.1 Volume density of prolactin cells 
Anti-r-PRL-positive cells were found homogeneously scattered 
throughout the entire pars distalis. The immuno-gold label was confined 
almost exclusively to the secretory granules. In the control experiments, 
no labeling was found. In the 3-4 month-old male rats 13.2 ± LVi of the 
volume of the pars distalis was occupied by PRL cells. In the 16-19 
month-old rats this percentage was significantly incieased to 25.3 + 
З.ІІа. This increase was followed by a decrease in 26-30 month-old rats to 
1G.9 ± 2.610; the latter was similar to the density found in the young 
males and significantly lower than the density found in the middle-aged 
rats (Fig. 6.2). 
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F i g . 6 .2. PRL-cell volume density in 
young, middle-aged and aged male r a t s . F i g . 6.3. Relat ive number of each of the four PRL-cell 
The PRL-cell volume density in middle- types i n young, middle-aged and aged male r a t s , expressed 
aged rats i s s i g n i f i c a n t l y increased, as percentage of the t o t a l PRL-cell populat ion. 
Ρ < 0.02. The r e l a t i v e numbers of the type-I and type-HA c e l l s 
increased, whereas the r e l a t i v e numbers of the type-HB 
and t y p e - I l l c e l l s decreased. 
'>.3.2 Prolact i n - c e l l types 
Four d i f ferent PRL-cell types were i d e n t i f i e d (see 6.2.3 and 
Fig. 6.1a-d) and each of these c e l l types was homogeneously d istr ibuted 
throughout the pars d i s t a l i s . Together with the character ist ics of the 
secretory granules, the c e l l types were also characterized according to 
other u l t r a s t r u c t u r a l features. In the c e l l s of type I and type IIA 
varying numbers of round granules could be found, but a Golgi complex and 
d i l a t i o n s of the rough endoplasmic reticulum (RER) were seldomly 
observed. Large numbers of round granules were found especially in the 
type-I c e l l s . In the c e l l s of types IIB and I I I a varying number of round 
and polymorphic granules was found. The Golgi complex was well developed 
and small; extremely polymorphic secretory granules were found in the 
Golgi region. The cisternae of the RER were di lated and often showed 
large lamellar arrangements. 
The only age-related change in the s t r u c t u r a l character ist ics of 
these four c e l l types was an increase in the number of secretory 
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granules. Moreover, significant differences between the percentages of 
each of the four cell types were found in the three age groups (Fig.6.3). 
In young male rats 4.0 ± 1.70o of the total PRL-cell population consisted 
of type-I cells and 25.0 ± 4.4°ί of type-IIA cells. In middle-aged male 
rats the relative number of the type I and IIA cells was increased to 
about 754; (27.0 ± 6.4 of type I dnd 48.6 ± 4.30i of type IIA). A further 
increasp in relative number in favor of type-I cells (57.0 ± 3.5) was 
observed in old male rats. In young rats, cells with polymorphic granules 
were found in approximately 70оо of the PRL cells. Within the PRL-cell 
population 50.9 ± 3.70¿ consisted of type-IIB cells and 19.6 ± 4.20¿ of 
type-Ill cells. In middle-aged male rats the type-IIB cells amounted to 
only 23.0 * 7.0Dí of the total number of PRL-positive cells, whereas type-
Ill cells were hardly piesent. In old male rats, the percentage of cells 
with polymorphic granules was further decreased, i.e., only 7.0 ± 2.50ó of 
the PRL cells appeared to contain small polymorphic granules (type-IIB 
cells), and type-Ill cells were absent in each of the seven old rats. 
6.3.3 Serum prolactin levels 
In young male rats the mean serum PRI level amounted to θ.θ ± 2.7 
ng/ml. In middle-aged rats the mean serum PRL level was 12.2 ±4.0 and in 
old rats 9.1 ± 1.6 ng/ml. The differences between the serum PRL levels of 
the three groups were not statistically significant. 
6.4 DISCUSSION 
6.4.1 Volume density of prolactin cells 
In this study PRL cells were identified by immunocytochemistry 
with anti-r-PRL and protein-Α gold labeling. All anti-r-PRL-positive 
cells were considered to be true PRL cells, since labeling of these cells 
was not observed in the control procedures. Estimation of the PRL-cell 
volume densities in male Wistar rats revealed age-dependent alterations. 
The volume density almost doubled between 3-4 and 16-19 months of age, 
and this increase was followed by a return to the original levels at 26-
30 months. In the literature, no data can be found on the PRL-cell volume 
density in male rats. Only data on the relative number of PRL cells have 
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been reported. In a light-microscopic semiquantitative time-sequence 
study on male Wistar rats Ruitenberg et al. (1974) observed a relative 
number of 15°o PRL cells in rats rdnging in age from 6 weeks to 12 nonths. 
Afterwards a decrease occurred to 5°o at the age of 24 months. Since these 
authors did not use immunocytochemical-staining techniques, part of the 
PRL-cell population may have escaped then attention. Takahashi and 
Kawashima (1983) estimated the reldtive number of immuno-reactive PRL 
cells in 3-month-old male Wistar/Tw rats at 10.5°o, but did not observe 
any change in percentage in animals as old as 20 months. In rats of 
almost the same ages, we found an increase in PRL-cell volume density 
from 13.20o to 25.З We consider the volume density of the PRL cells a 
better parameter for the PRL-produrtion capacity of the pituitary gland 
than the relative number of cells, although the possibility exists that 
the differences between the results of Takahashi and Kawashima (1983) and 
our results might be due to strain differences rather than methodological 
differences. 
Also in studies on human pituitanes, contradictory results on 
alterations in PRL-cell populations have been reported. The majority of 
these studies was based on calculations of the number of PRL cells 
instead of PRL-volume density. Kovacs et al. (1977) and Sun et al. (1984) 
stated that PRL cells did not decline in number with age. On the 
contrary, a significant decrease with age in the number of PRL cells was 
reported by Baker and Yu (1977), who studied human pituitary glands from 
fetal life to old age. 
6.4.2 Prolactin-cell types 
Four different types of PRL cells were distinguished on the basis 
of shape and size of the secretory granules. These cell types were 
similar to those described for male rats by Nogami and Yoshimura (1982), 
but we propose a further subdivision of their type II into type IIA and 
type IIB based on the shape of the secretory granules. The relative 
numbers of type I and type III cells in our rats were different from 
those reported by others (Nogami and Yoshimura 1980; 1982). According to 
Nogami (1984), in 20-day-old male rats, 60ao of the PRL-cell population 
consisted of type-I cells (cells with small round granules), whereas 
type-Ill cells (cells with large polymorphic granules) were absent. In 
60-day-old male rats, however, Nogami (1984) found 305o type-I cells and 
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25"o type-III cells. In our 3-month-old rats, 700o of the PRL cells 
consisted of cells with small and large polymorphic secretory granules 
(type-IIB and III cells), whereas cells with small round granules (type-I 
cells) were observed in less than 10°ά of the PRL cells. We observed 
dramatic changes in the ratio of the relative numbers of the four PRL-
cell types during aging. The percentage of type-I cells increased with 
age and reached 60% in male rats over 26 months of age. Differences 
between our results and those of Nogami (1984) may be caused by differ­
ences in the age of the rats in both studies. Nogami (19Ö4) used 10-20-
day- and 60-day-old rats, whereas the youngest rats in the present study 
were 3 months old. Probably PRL cells with small round granules represent 
an inactive stage and predominate before puberty in very young rats (20 
days old) and after the reproductive phase in very old rats (older than 
26 months). It has been suggested that alterations in the percentages of 
the different types of PRL cells in rats of the same age may be caused by 
the rhythmical production and secretion of peripheral steroid hormones, 
such as estrogen and testosterone (Herbert et al. 1977; Nogami 1984). The 
present results are, to our knowledge, the first that indicate the 
existence of a correlation between age and the percentages of the 
different cell types. 
Our findings support the proposal of Yoshimura (1986) that a new 
classification of anterior pituitary cells, based on dynamical as well as 
chronological changes in cytology, is needed. This author stated that the 
criteria for cell identification should not be established solely on the 
asis of static ultrastructure, but rather on the concept of an entire 
range of subtypes of one cell class. This is indicated since the ultra-
structure of a cell may differ in relation to its secretory activity. The 
occurrence of structurally different types of cells that produce the same 
hormone, as is demonstrated by our study, stresses the need of immuno-
electron microscopic techniques for identification of pituitary cells. 
6.4.3 Serum prolactin levels 
Another aim of our study was to investigate the relation between 
serum PRL levels and PRL-cell morphology during aging. We found a rise in 
serum PRL levels in male rats of 16-19 months followed by a decline in 
rats older tfian 26 months, but these changes were statistically not 
significant. We conclude therefore that in male rats serum PRL levels do 
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not change substantially with age. It is generdlly accepted that in 
female rats aging is characterized by a rise in serum PRL levels (Steger 
1901; ^eymond et al. 1901; Mettes 19Θ2). This rise is partially caused by 
the presence of PRL-rell hyperpl^sia or prolactinomas; in a previous 
study on female BN/BiRij rats (Chapter 3) in which animals with pituitary 
tumors were excluded, it appeared that serum PR! levels increased until 
the age of approximately 24 months and decreased in female rats of more 
than 30 months to levels similar to those in young rats. Por male rats, 
Oemarest et al. (1985), Simpkins et al. (1977) and Gudelsky et al. (1981) 
found increased serum PRL levels in 21 -26-inonth-old males of the Long-
Evans strain and Takahashi et al. (19θϋ) in 18-21-month-old male rats of 
the Wistar/Tw strain. On the contrary, Shaar et al. (1975) found that 
serum PRL values were about the same in young (4-6 months) and old (23-30 
months) male Long-Fvans rats. In all these studies, however, only two 
age-groups (young and middle-aged or young and aged) were compared. Thus, 
either aged or middle-aged rats were missing in their studies and there­
fore these data are inconclusive with respect to the effect of aging. 
Moreover, these studies do not meet the criteria for aging studies 
proposed by Zürcher et al. (1982), and used in our study. Both the 
present results and those from other authors in the field lead us to 
conclude that in aging studies it is necessary: 1) to use animals without 
pituitary tumors; 2) to study more than two age-groups and 3) to use a 
well-defined definition for the notion "old". 
From the present results we conclude that no age-related rise in 
serum PRL levels exists in male Wistar rats, although dramatic changes in 
PRL-cell volume densities and in the percentages of PRL-cell types do 
occur during aging. These changes most likely reflect changes in the life 
cycle and in the secretory activity of the PRL cells. 
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SUMMARY 
PRL-cell-volume density, pituitary PRL content and plasma PRL level of 
five age-groups of male Wistar rats (0-6, 13-18, 19-24, 2;>-30, and 30-36 
months old) were estimated by immuno-1ightmicroscopy, SDS-PAGE and RIA, 
respectively. A positive correlation between the PRL-cell-volume density 
and pituitary PRL content was found for all age-groups. Both values were 
significantly increased in middle-aged rats. Although differences in 
plasma PRL levels were found, no correlations between plasma PRL levels 
and PRL-cell-volume density or pituitary PRL content were present. 
With: D Peters, M Mulders and G Flik. 
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Chapter 7 
COMBINED BIOCHEMICAL AND LIGHT-MICROSCOPICAL ANALYSIS OF PROLACTIN 
IN THE PITUITARY OF YOUNG AND AGED MALE WISTAR RATS 
7.1 INTRODUCTION 
In Chapter 5, it was shown that the PRL-cell-volume density in 
the pituitary gland of the male Wistar rat increased from 22% at the age 
of 3 months to 340o at the age of 20 months. After the age of 20 months 
the volume density was similar to the volume density found at the age of 
3 months. Volume densities were estimated by determining the areas in 
tissue sections that reacted positively after anti-r-PRL immunostaining, 
and the values obtained might therefore have been influenced by age-
related changes in the immunoreactivity of the PRL cells. Such changes 
could be caused by e.g. reduction of PRL content of the granules or by 
changes in molecular structure of PRL during aging. There is indeed 
evidence for such changes. In Chapter 5 it was shown that the PRL cells 
of male rats may contain polymorphic or round granules and that the 
former showed a stronger affinity to anti-r-PRL than the latter. It has 
further been shown that in young male rats the number of PRL cells with 
polymorphic granules exceeds the number of PRL cells with small round 
granules, whereas in aged male rats almost exclusively PRL cells with 
small round granules occur (Chapter 6). Moreover Smets et al. (1987) have 
found that so-called "small granule-PRL cells" in immature rats have a 
stronger affinity to anti-r-PRL than in adult females. They suggested 
that the differences in affinity reflect a difference in composition of 
the content of the granules resulting from PRL molecules of varying 
molecular weights. 
To investigate whether such differences might occur during aging 
in male Wistar rats and influence the volume-density measurements, we 
studied the PRL content and the molecular form of PR1 in pituitary glands 
of young, middle-aged and aged rats. The pituitary PRL content was 
determined by SDS-polyacrylamide-gelelectrophoresis (SDS-PAGE) of homo-
genates of hemipituitanes and subsequent scanning of the gels; the 
molecular form of PRL was examined by Western-blotting and immunostaining 
of the blot. The other half of each pituitary gland was used for immuno-
light-microscopic estimation of the PRL-cell-volume densities. 
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7.2 MATERIALS AND METHODS 
7.2.1 Sample preparation 
Pituitary glands of groups of 0-6, 13-18, 19-24, 25-30 and 31-36 
month-old male Wistar rats were used. Rats were sacrificed by decapita­
tion and trunk blood was collected to determine plasma PRL levels by 
radioimmunoassay as described in Chapter 2 ( 2.2.1). Pituitary glands 
were bisected in the median plane. One part was fixed and processed for 
immuno-lightmicroscopy (2.2.2), the other part was weighed and homo­
genized in 500 μΐ 0.1 M ammoniumacetate (pH 8.5). The homogenate was 
centnfuged for 5 m m at 10,000 g. The protein content of this aqueous 
extract was determined with a commercial reagent kit (Biorad). Pituitary 
extracts were mixed with sample buffer and heated to 100"C for 2 m m 
before electrophoresis (15°í SUS, 0.75 mm thick slab qels; Laemmli, 1970). 
Per gel, homogenates of young, middle-aged and aged rats were electro-
phoresed. After electrophoresis, the gels were fixed and silver stained 
according to Mornssey (1981). Purified rat PRL (NIADDK r-PRL-B-5, 
Bethesda, Maryland) and markers with known molecular mass (Biorad, Sigma) 
served as references to determine apparent molecular mass of the PRL 
band(s). Stained gels were scanned with a Biorad densitoscan and areas 
under the curve of peaks were measured with a Digiplan MOB x-y tablet. 
7.2.2 Immunoblott ing 
Western blots were prepared after a 10-15 m m rinse of the SDS-
gels in SDS-free buffer ( 25 mM Tns-HCl with 200 mM glycine). The gels 
were placed on a nitrocellulose filter in a Biorad laboratories Trans-
blot TM cell and blotting conditions were: overnight, 0.22 Amp and 60 V. 
For immunostaining, anti-r-PRL (Dr JAM Mattheij, Wageningen, the 
Netherlands) was used as the first antibody and swine-anti-rabbit 
peroxidase complex (SWARP0, Dakopatts, Danmark) as the second antibody. 
4-Cl-1-naphtol was used as substrate for the peroxidase. Controls 
included the use of normal rabbit serum instead of specific immune serum 
as the first antibody and liquid phase absorption of anti-r-PRL with 
purified PRL. 
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7.2.3 Statistics 
All data are given as mean ± SEM per age-group. In order to 
compare the different lanes of one gel, the rdtio of the density of the 
PRL-band and the density of two reference bands did not show any 
variation with age. To compare the different gels, the PRL/reference 
ratio of each lane was normalized by equating the mean ratio of each gel 
to 100. Differences between the normalized PRL/reference ratios, the PRL-
cell volume densities and plasma PRL levels of the age-groups were tested 
with the Kruskal-Wallis non-parametric analysis of variance with sub­
sequent comparison of groups (Conover, 1980). Significance was accepted 
at Ρ < 0.05. Correlations between the PRL-cell volume density, pituitary 
PRL content and plasma PRL levels were tested for all animals and per 
age-group with the Spearman rank correlation test. Correlations were 
considered to be present at Ρ < 0.05. 
7.3 RLSULTS 
7.3.1 Pituitary prolactin cells, prolactin content and plasma prolactin 
levels. 
The volume densities of the PRL cells of five age-groups are 
given in Fig. 7.1 The immunoreactive PRL cells were found scattered 
throughout the pars distalis in young rats (0-6 months) and reached a 
volume density of 24%. In rats of 13-24 months of age, the distribution 
of PRL cells was similar to that of younger rats, but the volume density 
increased to 31?i in 13-1Θ month-old rats and further to 350i in 19-24 
month-old rats. After the age of 24 months randomly distributed clusters 
of PRL cells were found and the PRL-cell-volume density decreased to 23°ί; 
in rats of 30-36 months old, the PRL-cell volume density decreased to 21°ί 
and the presence of clusters of PRL cells was more obvious than in 
younger rats. The PRL-cell-volume densities of 13-24 and of 25-30 month-
old rats differed significantly from those of younger and older rats 
(Table 7.1). No differences were found between young and aged rats. In 
the older rats PRL-positive microprolactinomas were sometimes observed. 
These samples were not included in the estimation of PRL-cell-volume 
densities, pituitary PRL contents and plasma PRL levels. 
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Fig- 7.1 Mean PRL-cell volume densities in 
hemipituitaries of rats of increasing age. 
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Fig. 7.2 Silver stained gel with pituitary homogenates of male Wistar 
rats; note the PRL-band (molecular mass is 22.3 kDa) of purified PRL (x), 
pituitary homogenates of young (y), middle-aged (m) and aged (a) male 
rats and the increased pituitary PRL content in the middle-aged group. 
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On the basis of the co-migration with purified r.at PRL in SDb-
gels, the PRL band of electrophoresed pituitary homoqenates could be 
identified. The apparent molecular mass of PRL was calculated to be 22.3 
kDa (FKJ. 7.2). Similar bands were found in the pituitary homoqenates as 
well as in the media after incubation of the hemipituitanes (unpublished 
observation). The 22.3 kDa-PRL present in homoqenates of 13-18 and 19-24 
month-old rats had significantly increased compared to that of 0-6 and 
2b-30 month-old rats (P < 0.01). No significant differences were found 
young (0-6 months) and aged (25-30 and 31-36 months) male rats (Fig. 7.3; 
Table 7.2). A positive correlation was found between the PRL-cell-volume 
density and the pituitary PRL content in 24-30 month-old rats (P < 
0.001). 
TABLE 7.1 THE PRL CEIL VOLUME DLNSITY IN PITUITARY 
GLANDS OF AGING MAIE RATS. 
age in 
months 
0-6 13-18 19-24 25-30 
13-18 
19-24 
25-30 
31-36 
*** 
»li­
ns 
ns 
η s 
»** 
It * * 
** 
*** 
Results of statistical analysis of the data are 
presented in Fig. 7.1; ** Ρ < 0.01; 
*** = Ρ < 0.001; ns = not significant. 
TABLE 7.2 THE 22.3 kDa-PRL CONTENT OP PITUITARY 
H0M0GENATES 01- AGING RATS. 
age in 
months 
0-6 13-18 19-24 25-30 
13-18 
19-24 
25-30 
31-36 
*** 
**-» 
ns 
ns 
ns 
* « • * 
** 
*** 
* » • 
Results of statistical analysisof the data presented 
in Fig. 7.3; *** r Ρ < 0.001 and ns, not significant. 
Plasma PRL levels of the age-groups are given in Fig. 7.4. A 
significant decrease in plasma PRL levels was found in rats of 24-30 
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i s expressed as the r a t i o between the d e n s i t y 
of PRL (22.3 kDa) and r e f e r e n c e bands 
(7Ü.5 and 73.5 küa) . 
months o ld (Table 7.3) No s i g n i f i c a n t d i f f e r e n c e s were found between the 
other four age-groups. A tendency to a p o s i t i v e c o r r e l a t i o n between 
plasma PRL and PRL c e l l volume dens i ty was found i n 18-24 month-old r a t s 
(P < 0.057). 
TABLF 7.3 PLASMA PRL LEVELS OF AGING MALE RATS. 
age in 
months 
0-6 13-18 19-24 25-30 
13-18 
19-24 
25-30 
30-36 
ns 
ns 
* 
ns 
ns 
»* 
ns 
ns 
• 
Results of statistical analysis of data presented 
in Fig. 7.4; * = P<0.001; ns, not significant. 
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7.3 .3 Immunohlott ing and radioimmunoassay 
Western b l o t t i n g , fo l lowed by immunostaining w i t h a n t i - r - P R t , 
r esu l t ed in a p o s i t i v e s t a i n i n g of the 22.3 kDa-PRL band o f the p u r i f i e d 
PRL and of the homogenates o f young (0-6 months), middle-aged (13-24 
months) and aged (25-36 months) male r a t s ( T i g . 7 . 5 a , b ) . I t appeared tha t 
the s t a i n i n g i n t e n s i t y o f the 22.3 kDa-PRL band o f p i t u i t a r y homogenates 
of middle-aged r a t s was s t ronger than tha t of young and aged r a t s . This 
observa t ion was s i m i l a r to the r e s u l t s o f the s i l v e r s ta ined SDS-PAGE 
g e l s , which showed an increased amount o f the 22.3 kDa product i n 
middle-aged r a t s . In some b l o t s , add i tona l immunoreactive s i t e s were 
detected in bands o f 65 kDa and 45 kDa. These a d d i t i o n a l bands were 
found in a l l age-groups, but never i n the lane of the p u r i f i e d PRL. 
Radio-immuno-assy (RIA) o f ge l e lua tes f u r t h e r conf i rmed the presence o f 
PRL i n each of the mentioned bands. With RIA, i n animals o f a l l ages most 
PRL was found i n the e lua tes from the 22.3 kDa p l a c e . The amount o f PRL 
present in t h i s band was c l e a r l y increased i n middle-aged r a t s . S im i l a r 
observa t ions were made w i t h respect to the 65 and 45 kDa band (data not 
shown). 
Fig. 7.5 a. Immunoblot of p i t u i t a r y homogenates b. S i l ve r stained gel w i th p i t u i t a r y homogenates 
of male Wistar ra t s . A pos i t i ve immunostaining corresponding to the Western b lo t i n F i q . 7.5a. 
was found with anti-r-PRL on the 22.3, kDa place. Note the place of p u r i f i e d PRL (x) and the 
Note that (x) represents the place of p u r i f i e d markers (m). 
PRL 
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7.4 DISCUSSION 
7.4.1 Pituitary prolactin cells, prolactin content and plasma prolactin 
levels. 
The changes in PRL-cell-volume density of young, middle-aged and 
aged male rats in this study were similar to changes found during the 
total life span in the male rat as shown in Chapter 5. Comparisons with 
literature were already made in the discussion of Chapter Ъ (5.4) and 
will not be repeated here. No differences in the staining intensity of 
the immunostained cells was observed. The changes in the PRL-cell-volume 
density during aging correlate significantly with changes in total PRL 
content of the pituitary gland as derived from SDS-PAGE analysis. This is 
an indication that the immunoreactivity of the PRL cells does not 
diminish notably during aging. An increased PRL content in pituitary 
glands of middle-aged rats has been reported recently by Bonetti et al. 
(1987). These authors found that the PRL content of the pituitary gland 
was significantly higher in 24-25 month-old male Spraque-Dawley rats than 
in 3-5 month-old rats. Changes in PRL cell volume density as well as in 
pituitary PRL content were not reflected by the plasma PRL level. Only in 
19-24 month-old rats a tendency to a positive correlation between the 
PRL-cell-volume density and plasma PRL level was found. In Chapter 5 it 
was already suggested that changes in PRL content of the pituitary gland 
may be connected with the necessity to maintain plasma PRL levels more or 
less in an equilibrium. A similar conclusion was reached by Bonetti et al 
(1987), who observed unchanged plasma PRL levels in their 24-25 month-old 
male Spraque-Dawley rats. In their view some adaptive compensatory 
mechanisms are involved in the control of PRL secretion. 
For the band which comigrated with purified r-PRL, a molecular 
mass of 22.3 kDa was established in this study. This is similar to that 
of 22-23 kDa found by Zanini et al (1974) using SDS-PAGF. It is also in 
the range of molecular masses reported by others using different methods. 
7.4.3 Immunoblotting 
On the basis of the suggestion of Smets et al. (19Θ7) that 
differences in the intensity of the immunolabeling between PRL secretory 
granules might be caused by differences in molecular weight of PRL, 
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immunoblotting was used to identify PRL on the gels. With respect to the 
fact that in young rats mainly PHL cells with intensely stained poly-
morphic granules and in aged rats PRL cells with less intensily labeled 
round granules were found (Chapters 5 and 6), and following the sugges-
tion of Smets et al. (1907), differences in PRL between young and aged 
rats were expected. Several molecular forms of PRL were found after 
immunoblotting: 65, 45 and 22.3 kDa. The 22.3 kDa band was always present 
and showed the strongest positive reaction with anti-r-PRL. The other two 
bands were not always present. The existence of three forms of rat PRL 
has also been reported in literature. The most prominent 22.5 kDa form 
has been called "little" PHL and is considered the product with the 
highest bioactivity (Mansur and Hymer 1985). A form of 40-50 kDa has been 
called "big" PRL, and a form of > 60 kDa "big-big" PRL (Bentley et al. 
1984). The 22.3 kDa that we found in all homogenates, media (data not 
shown) and in the purified PRL is similar to "little" PRL. The bands of 
45 and 65 kDa probably represented the "big" and the "big-big" PRL. 
Bentley et al. (1984) have suggested that the "big" PHL consists of a 
mixture of non-covalently and disulfide bound dimers, and "big-big" PRL 
of aggregated monomers. It has been suggested that the monomenc PHL is 
more readily secreted than the dimenc form, and that dopamine decreases 
the production or stability of the dimer (Bentley et al. 1984). The 
"big-big-" PRL is an aggregate and not a precursor of higher molecular 
weight: PHL is processed from a preprolactin with a molecular weighl of 
28 kDa (Evans and Rosenfeld 1980). These authors used SDS-PAGt, and found 
that the immunoprecipitable translation product comigrated with a marker 
with a molecular weight of 28 kDa. Since rat PRL has an apparent 
molecular weight of 24 kDa, they concluded that the intracellular pre-
cursor of PRL, preprolactin, contains an amino-terminal leader seguence 
with a molecular weight of 2 - 4 kDa. Maurer et al (1977) have determined 
the position of several amino acids in the leader sequence and determined 
the lenght of the leader sequence as 29 amino acids, with an estimated 
molecular weight of 4 kDa. After stimulation of PRL release by TRH treat-
ment all molecular forms of PRL (little, big and big-big) were found in 
the blood plasma, whereas the larger forms were absent after serotonin 
administration. This suggested the existence of different mechanisms of 
action for these agents and of different secretory mechanisms in the PRL 
cells (Lawson et al. 1980). Smha (1986) described at least nine 
different forms of PRL and stated that these forms are important in the 
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storage and release mechanisms of the pituitary gland and that their 
proportions are markedly influenced by physiological, pharmacological and 
pathological circumstances. Moreover in Sinha's paper the question was 
raised whether the structurally different PRL-cell types produce PR1 of 
different molecular forms. Bentley et al. (1984) found that after 
incubation of pituitary glands the monomeric form represents Bb°í of the 
PRL in the incubation medium and 73% of the PRL in the pituitary homo-
genates. Scammei et al. (1985) concluded that in the rat pituitary gland, 
PRL exists predominantly in the monomeric form, whereas Silverliqht et 
al. (1985) found that the majority of plasma PRL had a molecular weight 
of 23 kDa, thus was monomeric and similar in profile to pituitary PRL. In 
women with hyperprolactinemia, the big-big PRL has been found to con-
tribute for 80°í to the serum PRL (Larrea et al. 1985). From our results 
it can be concluded that the monomeric form is the most important part of 
stored and released PRL in male rats with non-neoplast ic pituitanes. 
With respect to the PRL forms, no differences were found between rats of 
different ages. 
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SUMMARY 
Preembedding visualization of exocytosis by tannic acid treatment and 
postembedding immunocytochemical identification of cell types were 
combined to demonstrate the release of secretory products by exocytosis 
of characterized cell types. Treatment with tannic acid was carried out 
by perfusion with Ringer containing tannic and, followed by fixation, 
dehydration and embedding. For electron-microscopicl immunorytochemistry 
protein Α-gold was used as marker. In this study, exocytotic release was 
demonstrated for prolactin by cells in the pars distalis, and for 
oxytocin by axon terminals in the pars nervosa of the pituitary gland of 
the rat. 
Published in Histochemistry (1937) 86:375-378. 
With: AJ Kiliaan and Ρ I3uma. 
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Chapter θ 
ULTRASTRUCTURAL LOCALIZATION OF EXOCYTOTIC RELEASE SITES IN IMMUNOCYTO-
CHEMICALLY CHARACTERIZED CELL TYPES: A COMBINATION OF TWO METHODS 
Θ.1 INTRODUCTION 
Tannic acid (TA) has been used as an adjunct to conventional 
qlutaraldehyde-osmium-heavy metal fixation and staining for ultra-
structural studies of tissues not normally clearly demonstrated (Chaplin 
19fl5). Since, in general, only extracellular substances нге stained, ТА 
in combination with glutaraldehyde (TAGO-method) was applied for the 
detection of exocytosis (Roubos and van der Wal-Divendal 19B0). Recently 
this method was improved by incubation or perfusion of tissues in Ringer 
solution containing ТА (TARI-method) and release of secretory products by 
exocytosis has been clearly visualized in neural and (neuro)endocrine 
secretory cells (Buma et al. 1964; Buma and Roubos 1986). 
However, apart from the observation of the phenomenon of 
exocytosis or the determination of the number of exocytotic sites it can 
be of gredt interest to identify the cell types or axon terminals showing 
exocytosis Particularly, in tissues possessing different cell types like 
the pituitary gland and in neural tissue, it would be of great importance 
to use the TARI-method in combination with an identification method. 
The last decades postembedding immunocytochemical staining 
procedures have been carried out at the electron-microscopical level 
using the peroxidase-anti-peroxidase complex (van Putten et al. 1984) or 
the protein Α-gold complex as marker (Bendayan 1992). 
In this study we combined the TARI visualization of exocytotic 
release with the immunocytochemical identification of prolactin (PRL) 
cells in the pars distalis and oxytocinergic axon terminals in the pars 
nervosa. 
8.2 MATERIALS AND METHODS 
Male Wistar rats were anesthetized with sodium pentobarbital 
(60 mg/kg body weight) and perfused through the left ventricle for 5 m m 
with a Ringer solution containing 154 mM NaCl, 5.6 mM KCl, 2.2 mM СаСІ2 
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1 mM МдСІ2, 6 тМ МнЧСОз, 2 тМ Tris and 10 тМ glucose, followed by 
perfusion with the samp Ringer with 20o tannic acid (BDH) for 15 m m . The 
Ringer solutions were oxygenated for 30 m m , adjusted to pH 7.0 nnd 
herfted to il'C prior to use. 
Two different fixation procedures were followed: 
The pars nervosa was fixed by perfusion with a 0.1 M phosphate-buffered 
(pH 7.4) solution of ']% paraformaldehyde and 1.25°i glutaraldehyde for 20 
m m . After dissection tissues were fixed in the same fixative for 16 h at 
¿ГС and postfixed in П OSO4 for 1 h at 20"C in the buffer. 
The pars distalis was shortly (2 m m ) prefixed by perfusion with a 1:1 
mixture of 2% parafoimaldehyde and 20o glutaraldehyde in 0.1 M sodium 
cacodylate buffer (pH 7.0). After dissection of the pituitary gland, the 
pars distalis was separated from the rest of the pituitary, divided into 
fivp parts and fixed by immersion, in the same fixative for 1 h at 40C 
followed by postfixation in 14ί OsO^ in the buffer (pH 7.0) for 1 h at 
ZU°C. Of two rats tissues were fixed without prior TARI-treatment. 
All tissues were dehydrated in ethanol and embedded in Epon 812 
(Serva). For routine examination sections were placed on one-hole 
Kormvar-coated grids or uncoabed 200 mesh copper grids and contrasted 
with leadciLrate for 1 m m . For immunocytochemical procedures pale gold 
sections were placed on uncoated 300 mesh nickel grids. All steps of the 
immunocytochemical procedure were performed by floating the grids on 
drops of different solutions in moist chambers. Sections of the pars 
distalis were etched on 30¿ H2O2 ^ot ^0 seconds. Sections of the pars 
nervosa were etched on saturated sodium metapenodate (1-30 min) or in 10ó 
H2O2 (5-20 min). The grids were placed successively on 1) phosphate-
buffered saline (PBS; pH 7.4) with 50 mM glycin for 10 m m ; 2) PBG (PBS 
containing 0.5 bovine serum albumin and 0.2% gelatin) for 15 m m with 3 
changes; 3) the primary antiserum diluted in PBG for 72 h at 40C; 4) PBG 
for 30 m m with 6 changes; 5) protein Α-gold diluted in PBG for 1 h; 6) 
PBG for 30 m m with 6 changes; 7) PBS and B) finally on destilled water. 
All sections were contrasted with leadcitrate for 1.5 min. As primary 
antiserum we used a monoclonal anti-oxytocin-neurophysin (PS 36, a gift 
from dr. M.H. Whitnall) and a anti-rat-prolactin antiserum (anti-r-PRL, 
KIV-1, a gift from Dr. J.A.M. Mattheij). The specificity of the anti-
oxytocin-neurophysin has been described elsewhere (Ben-Barak et al. 1985; 
Whitnall et al. 1985; Castel et al. 1986); the specifity of the anti-r-
PRL is described in Chapter 2. The protein A-gold solution was prepared 
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in our laboratory following the modified method of van Bergen en 
Henegouwen and l.eumssen (1986) by reduction of chloroaunc acid with 
white phosphorus (gold particle diameter 7.9 nm) or the modified method 
of Slot and Geuze (19Э5) with sodium citrate (diameter 16 nm). 
8.3 RLSIJLTS 
Due to the action of TA, exocytotic granules appeared to be high­
ly and selectively electron-dense and could be easily detected in all 
different types of hormone-producing cells in the pars distalis and in 
axon terminals of the pars nervosa of the pituitary gland. These exo­
cytotic granules occurred in two forms, viz. 1) as omega shaped granule 
membranes with exocytosing contents facing the extracellular space 
(Figs. 8.1a, f, g) and 2) as caps of exocytosis when the opening to the 
extracellular space was not in the plane of sections (Figs. 8.1b, h) . 
Ultrastructural preservation was not affected by the use of TA or the 
duration of the perfusion before the fixation. 
After application of the immunocytochemical staining with protein 
Α-gold as marker, fine structural elements such as microvesicles, the 
limiting membrane of oxytocin positive neurosecretory granules (NSG's) as 
well as the electron-density of the exocytotic granules remained clearly 
visible in the axon terminals of the pars nervosa (Fig. 8.1i, j, k). 
In the pars distalis, membrane structures were somewhat impaired 
by the etching procedure but the exocytotic granules remained well 
recognizable. The anti-r-PRL immunolabeled cells were found throughout 
the whole pars distalis and were homogeneously distributed. Exocytotic 
granules of anti-r-PRL positive cells were clearly demonstrated (Fig. 
8.1c, d, e). 
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Гід. 8.Ia-k. Exocytoses (arrows and solid 
asterisks) in prolactin cells in the 
anterior pituitary (a-e) and in oxytocin-
ergic axon terminals in the pars nervosa 
(f-h, j, k), demonstrated with TARl-method 
Arrows indicate omega exocytosis, solid 
asterisks caps of exocytosis phenomena. 
c-e: Protein Α-gold (diameter 7 nm) immuno-
labeling of prolactin secretory granules. 
Λ' 
••t AlÁb 
f 
J . * . - k 
i-k: Immunolabeling (diameter 17 nm) of 
oxytocinergic secretory granules. 
cv, clear vesicles, a χ 30,400. Ь χ 17.600. 
с χ 56,800. d χ 22,400, unlabeled cell 
(open asterisk) e χ 33,600 (enlargement of 
cap of exocytosis shown in d ). f χ 40,000. 
g χ 64,000. h χ 20,000. i χ 40,000, note 
the unlabeled (presumable vasopressinergic) 
axon terminal, j χ 40,000. к χ 36,000. 
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8.4 OISCUSblüN 
In the present study we confirmed previous observations on exo-
cytosis demonstrated with the TARI-method in the pituitary of the rat 
(Пита et al. 1984). Exocytosis was present in the pars nervosa and in all 
the cell types of the pars distdlis. The pars nervosa was fixed by 
perfusion instead of an immersion fixation, which resulted in a good 
ultrastructure. This procedure, however, was not well suited for the 
hormone-producing cells of the pars distalis because it induced very 
large extracellular spaces between individual cells. After immersion 
fixation alone the ultrastructural preservation was not optimal. In 
particular the mitochondria showed a swollen appearance. When tissues 
were fixed by perfusion for 2 m m , followed by immersion fixation the 
large extracellular spaces disappeared and the ultrastructurdl preserva­
tion //as significantly improved. 
With respect to the PRL cells, the etching procedure appears to 
be essential for the immunolabeling with anti-r-PRL. In the original 
immunocytochemical staining procedure sections were etched with H2O2 10"» 
for 7 m m and incubated with anti-r-PRL for 1 h at room temperature 
(Chapter 6) However, after this procedure the electron density of the 
exocytosed secretory granules was reduced and no longer allowed the 
discrimination of exocytosis. Staining without etching led to weak 
immunolabeling. Empirically we found that changing of the etching 
procedure to H2O2 П for 30 seconds and lenghtenmcj of the incubation 
period with anti-r-PRL to 72 h at 4°C resulted in adequate labeling, 
whereas the electron density of exocytotic granules was retained. 
With respect to the choice of the immunocytochemical staining 
procedure it appeared that certain procedures are not appropriate for 
combination with the TARI-method for the following reasons. Preembedding 
staining procedures with diaminobenzidine as chromogen (peroxidase-anti-
peroxidase complex (PAP)- 3,3'-diaminobenzidine (DAB) method; Sternberger 
et al. 1970) involve detergents (e.g. Triton-X-100) for improvingpenetra-
tion of antisera, a procedure which affects the ultrastructural preserva­
tion in a negative way. Moreover, this procedure results in the deposi­
tion of a highly electron-dense diffuse reaction product in stained 
structures, which diminishes the difference in electron density between 
exocytosed and stationary secretory granules. Postembedding staining with 
DAB as chromogen has the same disadvantage. Moreover the DAB reaction 
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product obscures the underlying ultrastructural details. Posteinbedding 
staining with colloidal gold allows precise localization of the antigenic 
sites and simultaneous observations of the ultrastructural details. 
Furthermore the difference in electron-density between stationary and 
exocytosed secretory granules is not affected by the staining procedure 
and particularly when osmicated tissues arc used the ultrastructural 
preservation is excellent. Thus, immunocytochemical staining with 
colloidal gold or other highly punctate markers (e.g. ferritin) are 
preferable to the PAP complex as marker in TAKI-treated tissues (for 
review see Gosselin et al. 19B6). The present protocol offers an 
excellent method to identify cell types or axon terminals showing 
exocytosis. 
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SUMMARY 
Exocytotic profiles of PRL cells in the pituitary gland of young and aged 
male Wistar rats were studied by means of the combination of two methods: 
tannic acid treatment (for visualization of exocytotic profiles) and 
immuno-lightmicroscopy (for identification of the PRt cells). In young 
rats, most exocytotic profiles were found in PRL cells with polymorphic 
granules (type-III cells). In the young rat, this cell type is considered 
to show a state of high release activity, whereas the loss occurring PRL 
cells with small round granules (type-I cells) are considered to 
represent a storage phase. In aged rats, type-I cells predominated. Most 
exocytotic profiles were found in this cell type. This is in contrast to 
the finding in young rats, that type-I cells represent a storage phase in 
the secretory cycle of PRL. It is concluded that morphologically similar 
PRL cells of young and aged rats differ in release activity. 
With: AJ Kiliaan and JM Ruijter. 
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Chapter 9 
EXDCYTOSIS OF FOUR PROLACTIN CELL TYPES IN THE PITUITARY OF 
3 AND 23-25 MONTH-OLD MALE WISTAR RATS 
9.1 INTRODUniON 
In male rats, four different prolactin (PRL) cell types have been 
distinguished by means of indirect (Noqami and Yoshimura 19Q0, 1902) and 
direct immuno-elpctron-microscopiral methods (Chapter 6). Stimulation of 
the PRL cells by estrogen treatment resulted in higher plasma PRL levels 
wich coincided with an increased percentage of type-ΠΙ cells (Nogami 
1984). Inhibition of PRL release by the dopamine-agorust apomorphine 
resulted in lower plasma PRL levels and a change in opposite direction: 
an increase in the percentage of type-I cells (Chapter 10). A similar 
change in relative number of the cell types was observed during aging 
(Chapter 6; van Putten and Kiliaan 19881. In this Chapter we report on 
the release activity of the different PRL-cell types. 
Release of the secretory material occurs mainly by exocytosis. 
Exocytosis is a process through wich the membrane-bounded content of a 
cellular constituent is transferred from the intracellular compartment to 
the extracellular compartment without any discontinuity of the cell-
limiting surface (Vi la-Porci le and Olivier 1980). Exocytosis in the 
pituitary PRL cells has been extensively studied in the female rat during 
suckling (Shiino et al. 1972; Hausler et al. 1970). However, no immuno-
cytochemical methods were used to identify PRL cells. Thus, only part of 
the PRL cells (those with polymorphic granules) were studied. All these 
studies were qualitative; exocytotic events were recognized by omega-
shaped membrane indentations. Strong stimulation of the PRL cells 
resulted in the presence of multiple exocytotic pockets. After treatment 
with tannic acid (Roubos and van der Wal-Divendal 1980), the core of the 
extruded granule is impregnated with tannic acid and its contrast is 
greatly enhanced as compared to that of a non-extruded granule. Exo­
cytosis can be recognized by this enhanced contrast in axial as well as 
in tangential sections of exocytotic indentations, which appear as 
"omega" and "cap" exocytotic profiles,respectively (Buma et al. 1984). 
In order to establish whether there are differences between the 
PRL-cell types with respect to release activity, we determined the number 
of exocytotic profiles of each of the four PRI -cell types after their 
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visualization with tannic acid. In order to study the eFFect oF agincj on 
the number oF exocytotic proFiles, 3 and 23-25 month-old тіаіе rats were 
subjected to the same protocol. To ensure that all PRL cells were 
included, precmbedding tannic acid treatment was combined with post-
embedding immunocytochemical identiFication (Chapter 8). 
9.2 MATERIALS AND MLTHODS 
Tannic acid treatment and immuno-electron microscopy Male Wistar 
(Cpb:WlJ) rats oF 3 and 23-25 months were used (Table 9.1). The rats were 
anesthetized with sodium pentobarbital (60 my/kg body weight) and per-
Fused through the leFt ventricle subsequently with 1) a carbogenated 
Ringer solution containing 154 mM NaCl, 5.6 mM KCl, 2.2 mM СаСІ2, 1 mM 
МдСІ2, 6 mM NaHCO}, 2 mM Tris and 10 mM glurose For 5 m m , 2) with the 
same Ringer solution supplemented with 2°ó tannic acid For 15 m m , and 3) 
with a Fixative oF 2°ί paraFomaldehyde and 2°ό glutaraldehyde in 0.1 M 
sodium cacodylate buFFer (pH 7.0) For 2 min. AFter dissection oF the 
pituitary gland, the pars nervosa was removed, and pars distalis tissue 
was divided into Five parts and Fixed by immersion in the same Fixative 
For 1 h at 4°C Followed by postFixaton in Π 0s04 in the buFFer (pH 7.0) 
For 1 h at 20'C. All tissues were dehydrated and embedded in Epon. Ultra-
thin sections were mounted on 200 mesh Cu-gnds For routine examination 
and pale gold sections on 300 mesh Ni-gnds For immunocytochemical 
staining with anti-r-PRL and protein Α-gold. All sections were contrasted 
with lead citrate For 1.5 m m only, to prevent that non-extruded granules 
reached the same electron density as extruded granules.The combination oF 
the preembedding tannic acid treatment and postembedding immunocyto­
chemical staining with anti-r-PRL is described in Chapter B. 
Serum prolactin levels At the start oF the perFusion blood was 
collected and allowed to clot For several hours. For the estimation oF 
serum PRL levels see Chapter 2.2.1. 
9.2.1 QuantiFication oF exocytotic proFiles 
From each pars distalis, Five immunolabeled sections, derived 
From Five diFFerent parts oF the pars distalis, were examined. In these 
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sections, PRt-cell profiles (with or without nucleus) were examined 
systematically to determine to which PRt-cell type they belonged. For 
each section, 20 PRt cells (i.e. for each pituitary a total of 100 PRL 
cells) were classified. From these 100 cells the number of exocytotic 
profiles, multiple exocytosis and cell processes were counted. In each 
section, every fifth (or the one next to the fifth) PRL-cell profile with 
a nucleus was photographed (which resulted in 25 micrographs per 
pituitary). These micrographs were used to measure PRL-cell areas and to 
count the number of secretory granules and exocytotic profiles. The 
percentage of each of the PRL-cell types was estimated using 100 cells 
and 25 micrographs, respectively. No statistical difference was found 
between the results derived from both methods. Therefore, the 2b micro-
graphs are considered to represent a reliable, randomly selected sample. 
9.2.2 Statistics 
All data are given as mean ± SEM. Difference between the distri-
bution of the cell types of young and aged male rats were tested with the 
Chi-square test. A two-way AN0VA on rank-transformed data (Conover 19Q0) 
was used to determine differences between age-groups and between cell 
types with respect to the number of granules, cell area and number of 
exocytotic profiles. If AN0VA revealed significant differences, the Li-
test of Wilcoxon, Mann and Whitney (Sokal and Rohlf 1969) was used to 
test differences between young and aged rats. This test was also used to 
test serum PRL levels and body weights between both age-groups. The 
Kruskal-Wallis non-parametric AN0VA with subsequent multiple comparison 
of groups (Conover 1980) was used to test differences between the cell 
types within one age-group. 
9.3 RESULTS 
9.3.1 Body weights 
Significant differences between body weights of young and aged 
rats were found. The mean body weight of young rats was 304.3 ± 7.8 and 
of aged rats 516.3 ± 2.7 (Table 9.1). 
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9. i.2 Scrum prolactin levels 
Significant differences were found between the serum PRl levels 
in young and aged rats. The mean serum PRL level in young rats was 4.2 ± 
2.2 ng/ml and in aged rats 15.1 ± 2.4 ng/ml (Table 9.1). 
TABLE 9.1 AGES, BODY WEIGHTS AND SERUM PRL LFVE1S OF MALL 
WISIAR RATS 
age 
in mon 
2.5 
3 
3 
26.5 
23.5 
25 
thb 
serum 
ng/ml 
2 
Θ.7 
2 
14.2 
11.5 
19.6 
PRL level weight 
in g 
290 
3ÜÓ 
317 
511 
519 
519 
9.3.3 Prolactin-cell types 
Based on the size and the shape of the secretory granules, four 
PRL-cell types were distinguished: type-I cells with small round 
granules, type-IIA cells with large round granules, type-IIB cells with 
round and small polymorphic granules, and type-III cells with large poly-
morphic granules (see also Chapter 6). Scores of 100 PRL-cell profiles 
per animal resulted in the following observations. Four percent of all 
PRL-cell profiles that were observed in young rats represented cyto-
plasmic processes of PRL cells. These processes often were located along 
bloodvessels and contained polymorphic granules. Therefore, they were 
classified as belonging to type-III cells. In aged rats, the percentage 
of cytoplasmic processes of PRL cells was increased to 11.3°ó. They con-
tained exclusively round granules and were classified as typc-I and type-
IIA cells. The frequency of occurrence of each of the four cell types was 
calculated from these 100 PRL-cell profiles (data not shown) and from 25 
micrographs (Table 9.2). A significant difference in the distribution of 
the four cell types was found between both age-groups (P < 0.05). In 
young rats type-I cells were hardly found, whereas about 70°ó of all PRL 
cells belonged to type-IIA and -IIB and 21" to type-III cells. In aged 
rats 33*0 of the PRL cells belonged to type-I and 63°í to type-IIA, whereas 
type-IIB and -III cells hardly were found (Table 9.2). In young rats, 59°í 
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of the PRL cells contdined polymorphic and ATo round granules. In aged 
rats only 4°ί contained polymorphic and 96°ί contained round granules. 
TAñLE 9.2 PrUCF.NlAGtS l> PR1 CELL TYPLS IN PNUITARILS 
OF YÜUNG AND AGfD MALL RATS 
Type-I 
lype-IIA 
Type-1 IB 
Type-Ill 
Percentage (± S^M) of PRL-cell types as calculated 
From 25 micrographs per pituitary per rat. 
9.3.4 Prolactin-cell area and number of granules 
For each cell type, the cell area and the number oF granules was 
determined. In young rats, the cell areas of type-I, type-IIA and type-
IIB were similar. The cell area of type-Ill cells was significantly 
larger (Table 9.3). In aged rats, the cell areas of type-I and type-IIA 
were similar. Ihe cell areas of type-ІШ and type-III seemed to be larger 
but, due to the relatively low number of these cell types in aged rats, 
the differences could not be tested statistically (Table 9.3). 
IABLE 9.3 MEAN CEIL AREA PER PRL-CELL TYPE 
young aged 
Type-I 33.3 ± 5.8 35.5 ± 2.5 
Type-IIA 36.2 ± 3.2 39.3 ± 2.6 
Type-1 IB 38.2 ± 2.8 53.5 ± 2.6 
Type-III 60.8 ± 5.1 * 46.8 
Mean cell area expressed in μιτι2 ± bEM as calculated 
from 25 micrographs per pituitary per rat. Within the 
group of young rats the cell area of type-III cells 
differed significantly from type-I (P < 0.01), type-IIA 
and type-IIB cells (P < 0.001). 
In young rats, the number of granules in the type-III cells was smaller 
that in the other cell types and the impression was gained that the 
number of granules incrased gradually from type-IIB and type-IIA to type-
young aged 
9.3 ± 5.8 33.3 ± 1.3 
32.0 ± 4.6 62.7 ± 3.5 
36.0 + 10.6 2.7 ± 1.3 
22.7 ± 9.3 1.3 ± 1.3 
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I cells, but differences were not statistically significant. In aged 
rats, the number of granules in type-I cells was high compared to the 
number of granules in type-II cells, but this difference was not signifi­
cant. With respect to the number of granules per cell, significant 
differences were found between both age-groups between type-IIA and -liti 
cells (Table 9.4). 
TABI E 9.4 MEAN NUMBER OF GRANU!ES PER PRL CELL TYPES 
IN YOUNG AND AGED MALE RATS 
young aged 
Typel 60.4 ± 6.0 108.В * 13.1 
Type-IIA 54.6 ± θ.2 75.4 ± 5.7* 
Type-IIB 43.0 ± 4.0 77.0 ± 1.4* 
Type-III 39.5 ± 5.1 51.Q 
Mean number (± SEM) of granules calculated from 
25 micrographs per pituitary per rat. Significant 
differences were found between both age-groups 
with rspect to type-IIA (P < 0.01) and type-ΙΙΠ 
(P < 0.001) cells. 
With respect to the granule density (Table 9.5) significant differences 
were found between both age-groups (P < 0.01) and between the cell types 
(P < 0.001) (two-way ANI0VA on rank-transformed data). 
TABLE 9.5 GRANULE DENSITY OF PRL CELL TYPES OF 
YOUNG AND AGED MALE RATS 
young aged 
Type-I 2.2 ± 0.4 (a) 2.9 ± 0.2 (c) 
Type-IIA 1.6 ± 0.2 2.1 ± 0.2 
Type-IIB 1.1 ± 0.1 1.4 ± 0.1 
Type-III 0.6 ± 0.1 (b) 1.1 
Mean ± SEM as calculated from 25 micrographs per 
pituitary per rat. (a) differs from type-IIB cells 
(P < 0.05); (b) differs from type-IIB cells (P < 0.001), 
type-IIA cells (P < 0.001) and type-I cells (P < 0.001), 
(c) differs from type-IIA cells (P < 0.001) and type-IIB 
cells (P < 0.05). 
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9.3.5 Lxocytosis 
Scores, made directly with the electron microscope (100 PRL-cell 
profiles, with and without nucleus) led to the following observations: 
1. in aged rats cytoplasmic processes were observed more often than in 
young rats, 2. no differences between both age-groups were noticed with 
respect to the area of cytoplasmic processes, 3. in young rats more exo-
cytotic profiles (9.1 ± 1.3) per process were found than in aged rats (6 
± 0.5), 4. 10°ó of the cells that showed exocytosis, contained multiple 
exocytosis (64°ί contained round and 360ί polymorphic granules) in young 
rats and 31°ί (exclusively with round granules) in aged rats. 
The number of exocytotic profiles per cell type were counted on 
micrographs and the exocytotic profiles density and the number of exo­
cytotic profiles per granule were calculated. The results are presented 
in Table 9.6. 
With the one-way ANOVA significant differences were found within 
the group of young rats with respect to the number of exocytotic pro­
files; most exocytotic profiles were found in the type-III cells. Thus, 
in young rats, cells with polymorphic granules showed more exocytotic 
profiles than cells with round granules. In aged rats no significant 
differences were found between the cell types with respect to the number 
TABtE 9.6 EXOCYTOTIC PROFILES IN PRL CFLL TYPES OF 
YOUNG AND AGED MALE WIS TAR RATS 
ce 
У 
О 
u 
π 
g 
a 
g 
e 
d 
11 type 
Type-I 
Type-IIA 
Type-IIB 
Type-III 
Type-I 
Type-IIA 
Type-IIß 
Type-III 
number of 
exocytotic 
profiles 
0.4 ± 0.3 
1.3 ± 0.4 
1.6 ± 0.6 
3.9 ± 0.9 
4.9 ± 1.4 
2.7 ± 0.6 
1.0 ± 1.0 
exocytotic 
profile 
density 
0.01 ± 0.01 
0.05 ± 0.01 
0.05 ± 0.01 
0.06 ± 0.01 
0.13 ± 0.03 
0.08 ± 0.02 
0.02 ± 0.02 
exocytotic 
profiles 
per granule 
0.01 ± 0.01 
0.03 ± 0.01 
0.04 ± 0.02 
0.10 ± 0.03* 
0.06 ± 0.02 
0.04 ± 0.01 
0.01 ± 0.01 
Data are given as mean ± SEM. Within the group of young male rats more 
exocytotic profiles were found in type-III cells than in type-IIB 
( Ρ < 0.05) and typc-I (P < 0.005). No differences were found between the 
age-groups. 
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of exocytotic profiles. Between both aye-groups no significant 
differences were found. 
9.4 DISCUSSION 
9.4.1 The prolactin cells 
With respect to the number of exocytotic profiles per cell, 
differences in release activity between the four cell types were present 
in the young male rat. In type-HB and especially in type-III cells more 
exocytotic profiles were found than in the olher cell types. Morenver, 
type-IIB and type-III cells tended to have less granules and a larger 
cytoplasmic area per cell. It is therefore concluded that in young male 
rats, large PRL cells with polynorphic granules show a state of high 
release activity. This observation is in accordance with that of Nogami 
(1984) who found that this cell type predominated in pituitanes of 
estrogen-treated male rats. Probably this PRL-cell type is similar to the 
PUL cells of female rats in which exocytotic pathways have been exten­
sively described by Iarguhar et al (197Я) and Farguhar (1985). Within 
this cell type different types of granules in the Golgi region which were 
either smaller (type-I, 100-200 nm) or large and polymorphic (type-Il and 
III) and mature granules scattered through Ihe cytoplasm which were large 
and round (type-IV, 600-900 nm). Walker and Farguhar (1980) have demon­
strated that newly synthesized PRL (smaller granules) is preferentially 
released over the older synthesized PRL (polymorphic granules) and 
suggest that this is due to heterogeneity of the PRL cells, although 
different cell types were not described. Nikitovitch-Winer et al (1985) 
also found two released pools of PRL in lactating rats and suggested that 
the rapidly released PRL was not stored in sectory granules; with pre-
embedding methods they found munoreactive material in the RER and the 
Golgi region. Moreover, with the postembedding colloidal gold techmgue, 
Nikitovitch-Winer et al (1985) demonstrated the existence of at least two 
types of PRL cells in the female rat, one with large polymorphic and the 
other with small round granules. The functional significance of the two 
types remained unclear. The second type resembles our type-I cell in the 
male rat, the percentage of which increases during aging and which, as 
will be described in Chapter 10, was found in the young male rat after 
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inhibition of the PRL release by the dopamine-agomst apomorphine. The 
magnitude оГ PRl-secret ing activity by isolated PRL cells in relation to 
the size and degree of granulation of the PRL cells was studied by Mymer 
et al. (1974) during a 14 day-culture period. They found six fractions in 
cell-separation experiments. In pituitarios of estrogen-primed rats most 
cells were found in fraction 6, whereas after о апесЧоту most PRL relis 
were found in fraction 1. Large heavily granulated PRL cells (fraction 6) 
isolated from estrogen-primed animals released 6 tunes as much hormone as 
the smaller cells (fraction 1). In controls, both fractions secreted 
îimilar amounts of PRL. Thus, these in vitro experiments revealed a 
significant heterogeneity in the PRL secretory capacity of the PRL 
cells. 
We observed that in aged male rats, type-IIA and type-IIB cells 
contained more granules than similar cell types in young rats. Within the 
groups of aged rats most granules were found in type-I cells. These 
results suggest that in aged rats PRL release is diminished in comparison 
to voung rats. However, in aged rats the number of exocytotic profiles 
was not significantly lower than in young rats. Tendencies to a larger 
number of exocytotic profiles were even found, according to the occur-
rence of multiple exocytotic pockets which were found to a greater extent 
in aged male rats. From our results it can not be excluded that differ-
ences exist in the release activity between similar cell types in young 
and aged rats. However, our samples may be to small to allow further 
conclusions in this respect. 
9.4.2 Serum prolactin levels 
The fact that serum PRL levels were significantly increased in 
the aged rats in this study, although ultrastructural observations with 
respect to cell type pointed to a decreased activity, is difficult to 
explain. It might be possible that the contribution to PRL release of 
multiple exocytosis in aged rats is underestimated. Multiple exocytosis 
was counted directly in 100 cells per pituitary gland and, for both age-
groups, found mainly in PRL cells with round granules, which percentage 
is high in aged rats. 
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SUMMARY 
LFFects oF two doses oF apomorphine on the plasma prolactin (PRL) levels 
and on the ultrastructure oF PRL cells in young and aged male Wistar rats 
were investigated. In young and aged control rats no sigmFicant diFFer-
ences were Found between the plasma PRL levels. Immunocytochemical 
staining with anti-r-PRL revealed sigmFicant diFFerences between young 
and aged control rats; in young rats the number oF PRL cells with poly-
morphic granules exceeded the number oF cells with round granules, where-
as in aged rats almost exclusively cells with round granules were Found. 
In young rats, chronic treatment with a high dose (0.25 mg/kg/day) oF 
apomorphine resulted in a significant decrease in plasma PRL levels, a 
decrease oF number oF PRL cells with polymorphic granules and an increase 
oF cells with round granules. The occurrence oF PRL cells with round 
granules and plasma PRL levels was negatively correlated. In aged rats, 
apomorphine treatment neither afFected PRL plasma levels nor the distri-
bution of the PRL cell types. We conclude that in young rats PRL cells 
are sensitive to apomorphine and that their ultrastructure reflects a 
phase of the secretory cycle. In aged rats, the PRL cells appear to have 
lost their sensitivity to apomorphine. The fact, that the distribution 
over the diFFerent cell types in control aged rats is similar to that oF 
the apomorphine-treated young rats, suggests a strong inFluence oF endo-
geneous dopamine on PRL cell state in the aged rat. 
Submitted to Journal of Endocrinology 
With: E de Rijk and G Flik. 
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Chapter 10 
THE EFFECT OF CHRONIC APOMORPHINE TREATMENT ON THE ULTRASTRUCTURE 
OF THE PROLACTIN CELLS AND ON PLASMA PROLACTIN LEVELS IN YOUNG 
AND AGED MALE WISTAR RATS 
10.1 INTRODUCTION 
In studies on the ultrastructure of the prolactin (PRL) cells in 
male rats, difFerent PRL-cell types have been distinguished immunocyto-
chemically on basis oF the size and shape oF the secretory granules 
(Nogami and Yoshimura 1980, 1982; van Putten and Kiliaan, 1988). Nogami 
(1984) reported conversions oF one PRL-cell type into another after 
estrogen treatment, viz. oF cells with small round granules into cells 
with polymorphic granules. Concomitantly with this conversion, serum PRL 
levels increased, and thus Nogami (1984) concluded that conversions in 
the ratios of PRL-cell types were reflections of difFerent physiological 
stages. Van Putten and Kiliaan (1988) Found, in the male rat, a change in 
the relative number oF PRL-cell types during aging and demonstrated that 
in aged rats over 80 percent oF the PRI -cell population consisted oF PRL 
cells with small round granules, the cell type that hardly occurred in 
young rats. In this stuciy we have examined the hypothesis that the 
changes in the ratios oF PRL-cell types with age are caused by age-
related changes in the hypothalamic control of these cells. 
Prolactin release from the anterior lobe of the pituitary gland 
is regulated by inhibiting and releasing hypothalamic factors, but is 
mainly under tonic inhibitory control. Dopamine (DA), released in the 
median eminence by the tuberoinfundibular dopaminergic neurons (TIDA 
neurons), is the most important inhibiting Factor (For review see Ben-
Jonathan 1985). DA is transported to the anterior pituitary via the 
portal blood system and acts directly on the DA receptors oF the PRL 
cells (Caron et al. 1978; Be'cu de Villalobos et al. 1984). DA is inter-
nalized by the PRL cells (Goldsmith et al. 1979) and stored in associa-
tion with the PRL-containing secretory granules (Nansel et al. 1979; 
Gallardo et al. 1985). It has been Found that an increase of serum PRL 
levels coincides with a decrease oF the DA content oF the pituitary 
gland (Demarest et al. 1984). However, in aged male rats, Demarest et 
al. (1985) Found that increases in serum PRL levels were accompanied by 
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increased pituitary DA. These authors ascribed the increase in serum PRL 
levels during aging partiHlly to a diminished sensitivity of the DA 
receptors of the PRL cells in the anterior pituitary. 
In order to establish whether or not the frequency of PRL cells 
with small round granules reflects the degree of inhibitory control, we 
investigated the effect of the DA-agonist apomorphine on the morphology 
of the PRL cells and on the plasma PRL levels in young rats. To check 
whether or not the sensitivity of the PRL cells to DA is changing during 
aging, aged rats were subjected to the same protocol. The effects of 
chronic treatment with apomorphine on the relative number of PRL-cell 
types in the pituitary and on the plasma PRL levels of young and aged 
male rats were compared. 
10.2 MATERIAL AND METHODS 
10.2.1 Animals 
Four age-groups of male Wistar rats (Cpb:WU) were used in four 
experiments. The young rats were 2.5 and 3.5 months old, the aged rats 
were 23 and 24 months old and derived from the survival cohort ( maximum 
life span of these rats was 36 months; the mean life span was 27 
months). Mean body weights are given in Table 10.1. All rats were kept 
individually in Makrolon R cages (35x25x15 cm) at 22 * 20C, with a light 
schedule of 12 h light and 12 h darkness and had free access to food and 
water. The rats were handled every morning between 09.00 and 11.00 h. 
TABLE 10.1 SURVEY OF EXPERIMENTAL CONDITIONS 
age in months apomorphine mean body weight saline/mean body weight 
mg.kg-1 g ± SEM g ± SEM 
2.5 0.01 270.6 ± 13.1 (n=3) 279.2 ± 4.4 (n=4) 
3.5 0.25 395.θ ± 10.2 (n=5) 425.8 ± 11.8 (n=5) 
23.0 0.01 463.5 ± 33.2 (n=4) 476.2 ± 29.1 (n=4) 
24.0 0.25 496.8 ± 12.6 (n=5) 493.7 ± 36.1 (n=4) 
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10.2.2 Blood sampling procedures 
Stressful events, such as ether anesthetization are known to 
cause dramatic increases of plasma PRL levels (Mattheij and van Rijkeren 
1977; Chi and Shin 1978). Therefore it is necessary to obtain blood 
samples from non-stressed animals. To this end, all animals were provided 
with a heart cannula following the method of Steffens et al. (1969). This 
technique allows blood sampling in unanesthetized free moving animals. 
Suigery was performed under ether anesthesia. A one week recovery period 
was allowed between surgery and start of the experiment to minimize 
effects caused by surgery stress. A daily blood sample of 0.5 ml was 
taken throughout the duration of the experiment (no transfusions of blood 
were given), final blood samples were taken at the end of the experiment 
by collecting trunk blood after decapitation. Blood sampling was carried 
out between 10.00 and 11.00 am to avoid influences of circadian rhythms 
on the results. Heparini7ed blood samples were centnfuged and plasma 
samples were stored at -2000 until assay. 
10.2.3 Apomorphine administration 
Alzet osmotic mimpumps (model Alzet 2002) containing saline 
(control animals) or apomorphine in saline (experimental animals) were 
implanted subcutanenusly. Doses of apomorphine were 0.01 mg/kg/day (low 
dose) and 0.25 mg/kg/day (high dose). Flow of the pumps was checked 
before and after the experiment as suggested by the manufacturers. Upon 
completion of the experiments, the remainder of apomorphine in the pumps 
was assayed for bioactivity by testing the capability to inhibit the 
melanin dispersion in the melanophores of larvae and adult Xenopus laevis 
(Verburg-van Kemenade et al. 1984). In both experiments apomorphine, in 
the appropriate dilution, was able to change the melanophore index by 
inhibiting melanin dispersion and thus was considered to maintain its 
bioactivity during the experiments. 
Electron microscopy After decapitation, the pituitary gland was dissected 
and fixed by immersion in a Karnovsky mixture of 2°ó glutaraldehyde and 2°ó 
paraformaldehyde in 0.1 M Na-cacodylate buffer. The tissues were post-
fixed in 0.1% 0s04 in 0.1 M Na-cacodylate buffer. After dehydration in 
graded alcohols and propylene oxyde the tissues were embedded in Epon 812 
1A9 
(Serva). Ultrathin sections were cut with a glass-knife on a Reichert GMU 
III ultranucrotome. For routine examination sections were placed on 200 
mesh Cu-gnds. For immunogold labeling procedures pale gold sections were 
placed on 300 mesh Ni-gnds. The sections were contrasted with uranyl 
acetate and lead citrate and examined with a Philips 201 electron micro­
scope. 
Immunolabeling procedures For the immunocytochemical staining, sections 
were incubated with anti-rat-PRl kindly provided by the NIADDK (Oethesda, 
Maryland) as the first antibody. Protein-Α gold (diameter 7.9 nm) WHS 
used as marker. The protein-A gold solution was prepared following the 
method of van Bergen en Henegouwen and Leumssen (1986). Control experi­
ments were carried out by: 1, omitting the first antibody; 2, using 
normal rabbit serum as first antibody; 3, liquid-phase adsorption of the 
anti-r-PRL serum with purified rat PRL (NIADDK-rat-PRL-B-5, AFP-ЬЗ б E). 
The labeling procedure has been described in detail in Chapter 6 and by 
van Putten et al. 1987. 
tstimation of the prolactin-cell-volume density The volume density of the 
PRt cells was estimated by point-counting volumetry (Weibel 1979). The 
corners of 25 gndholes of a 300 mesh grid were used as testpoints. The 
volume density was calculated by dividing the number of testpoints coin­
ciding with anti-r-PRt positive cells by the total number of testpoints. 
In all animals a constant number of 100 testpoints was used. Volume 
density of the PRt cells is given as the percentage of the pars distalis 
volume. 
Estimation of the relative number of the prolactin-cell types In a number 
of gndholes all anti-r-PRL positive cells were scored to a total of 100 
anti-r-PRL positive cells. The PRL cells were classified to one of four 
PRL-cell types, i.e. type I (cells with round granules with a diameter of 
150-250 nm), type IIA (cells with round granules with a diameter of 250-
300 nm), type IIB (cells with polymorphic and round granules with a dia­
meter of 350-400 nm) or type III (cells with polymorphic granules with a 
diameter of 500-600 nm); (see Fig. 6.1). For each animal each cell type 
was calculated as the respective percentage of the total PRL-cell popula­
tion. 
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Determination of plasma prolactin Plasma PRL levels in 5 to 10 serial 1:2 
dilutions were measured using a NIADDK rat PRL radioimmunodssay (RIA) 
kit. Results are expressed in terms of NIADDK-r-PRL-3 (ng/ml). To limit 
interassay variation, all ramples were measured in a single RIA run 
(intra-assay coefficient of varation, 0.06). 
Statistics Data are presented per group as mean values ± SFM. Differences 
in PRL-cell-volumc densities and plasma PRL levels of apomorphine-treated 
and control rdts of different age groups were tested with Kruskal-Wallis 
non-parametnr analysis of variance with subsequent multiple comparison 
of groups (Conover 1980). To this end a computer program in BASIC 
(developed by Theodorsson-Norheim 1986) was used. Changes in the relative 
numbers of the cell types were tested with an RxC contingency table (G-
test; Sokal and Rohlf 1969). If the G-test indicated a significant 
change, then the U-test of Wilcoxon^ann and Whitney (Sokal and Rohlf 
1969) was used to determine the cell types that were changed. Correlation 
between plasma PRL levels and PRL-celtypes was tested with the Spearman 
non-parametric rank correlation test. Differences were considered 
significant at Ρ < 0.05. 
10.3 RLSULTS 
10.3.1 The prolac-tin-cell-volume density 
In rats of 2.5 months the mean volume density of the PRL cells 
amounted to 19.3 ± 1.8°°. In rats of 3.5 months the volume density was 
significantly increased to 30.2 ± ο.7ηί (P 0.01), in 23 month-old-rats to 
34.5 ± 2.6% (P < 0.001) and in 24-month-old rats to 36.3 ± 5.0 (P< 
0.001). Apomorphine treatment did not induce significant changes in the 
PRL-cell volume densities (Fig. 10.1). 
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F i g . 10.1 The PRL-cell volume density of 
apomorphine-treated and untreated r e t s of 
d i f f e r e n t age. The PRL-cell volume density 
i s s i g n i f i c a n t l y increased i n 3.5-month-
o l d rat (P < 0.01) , and 23 and 24month-old 
(P < 0.001) untreated r a t s (Kruskal-Wal l is 
t e s t ) . Apomorphine treatment d id not a f f e c t 
the PRL-cell volume d e n s i t y . 
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Fig. 10.2A-0 The effect of apomorphine treetment on 
the distribution of the different PRL-cell types. 
Only high-dose apomorphine treatment of the 3.5-
roonth-old rats ( ID.2B ) resulted in a significant 
change in distribution of the cell-types (G-test, 
Ρ < 0.05). Results of different cell types were 
further tested with the U-test of Wicoxon, Mann and 
Whitney and changes were found in type-I cells 
(P < 0.005), type-II cells (P < 0.005) and type-Ill 
cells (P< 0.005). 
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В : 3.5 month-old, 0.25 mg/kg/day; 
С : 23-month-old, 0.01 mg/kg/day i 
D : 24-month-old, 0.25 mg/kg/day. 
Π = control, ^ = apomorphine treated. 
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10.3.2 Prolactin-cell types 
In young animals 33.9 ± 2.00¿ of the PRL-cell population consisted 
of cells with small or large round granules (type I and type IIA), where-
as 66.1 ± 2.0% consisted of cells with small and large polymorphic 
granules (type IIB and III; Figs. 10.2A, B; control animals). In aged 
rats 7R.1 + З.З'о of the PRL cells consisted of type I and type IIA cells, 
whereas 22.1 ± 3.4°; consisted of type IIB and III cells (Figs. 10.2C, D; 
control animals). After apomorphine treatment, significant changes in the 
distribution of the four different cell types were observed in the 3.5-
month-old rats treated with a high dose of apomorphine. This difference 
in the distribution of the cell types was caused by changes in the 
relative number of three of the four PRL-cell types. The percentage of 
type-I cells had doubled after apomorphine treatment, whereas the percen­
tages of type-IIB and type-III cells were decreased. The major decrease 
was observed for the type-III cells (Fig. 10.2B). Between the percentages 
of type-IIA cells (cells with large round granules) no differences were 
observed. The combined percentages of type-I and type-IIA cells, and of 
type-IIB and type-III cells, respectively, showed a ratio of 1 to 1.7 
(36.7°; to 63.}%) in the control animals. After apomorphine treatment this 
ratio was reversed completely (63.4?; to 36.6°í; Fig. 10.2B). 
In the 2.5-month-old rats, treated with a low dose of apomor-
phine, tendencies to a similar reversion could be observed (Fig. 10.2A). 
Neither the low (Fig. 10.2C), nor the high dose of apomorphine (Fig. 
10.2D) resulted in significant changes m the relative numbers of the 
PRL-cell types in 23 and 24 month-old rats. 
10.3.3 Plasma prolactin levels 
The mean plasma PRL level in untreated young rats was 6.7Θ ng/ml 
and in aged rats 6.76 ng/ml. Only in 3.5-month-old rats treated with the 
highdose of apomorphine was a significantly decreased plasma PRL level 
found (Fig. 10.3). 
10.3.4 Correlation of plasma PRL with occurrence of cell-types I and III 
Fig. 10.4A shows the relation between plasma PRL levels and the 
occurrence of type-I cells in apomorphine-treated and untreated animals 
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of 2.5 and 3.5 months of age. In 2.5-month-old animals the percentages of 
type-I cells were increased after apomorphine treatment, but plasma PRL 
levels remained unchanged. In 3.5-month-old animals the percentages of 
type-I cells were increased after apomorphine treatment, whereas the 
plasma PRL levels were decreased. In the latter group a negative correla-
tion was observed between the percentage of type-I cells and plasma PRL. 
No significant correlation could be established between type-Ill cells 
and plasma PRL levels of each group of young rats separately hut for the 
pooled data a positive correlation was observed (Fig. 10.4B).In the 23 
and 24 month-old animals apomorphine treatment did nol affect the percen-
tages of the type-I and type-I11 cells or the plasma PRL levels. 
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Fig. 10.3 Changes in plasma PRL levels between the basis values 
(cannulation on the first day of the experiment) and the final values 
(trunk blood after decapitation on the last day of the experiment). A 
significant difference was found in the plasma from 3.5-month-old rats 
treated with a high dose of apomorphine (U-test, Ρ < 0.05). 
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Fig. 10.4 Correlat ion between t>pe-I c e l l s and ріаьта PRL levels and 
type-III c e l l s and plasma PRL l e v e l s . Tig. 10.ήΑ. Negative c o r r e l a t i o n 
between t>pe-I c e l l s and plasma PRL leve l s in 3.5-month-old r a t s tredLed 
with high-dose apomorphine ( P < 0 . 0 5 ) . Fig. 10.4B. Pos i t ive c o n e l a t i o n 
between t y p e - I I I c e l l s and plasma PRL leve l s in 2.5 and J.5-month-old 
apomorphine-treated and untreated r a t s (P < 0 .05) . 
0 = c o n t r o l , 2.5-month-old, Û = apomorphine t r e a t e d , 2.5-monLh-old 
· = con t ro l , 3.5-month-old, A- apomorphine t r e a t e d , 3.5-monLh-old. 
OISCUSSIÜN 
10.4.1 Pro lac t in -ce l l -vo lume densi ty 
The volume densi ty of the PRt c e l l s in cont ro l r a t s almost 
doubled between the ages of 2.5 and 24 months. This increase in volume 
densi ty i s in accordance with e d r l i e r s t u d i e s on the PRL c e l l s in the 
p i t u i t a r y of aging r a t s (Chapters 5 and 6; van Putten and Kiliaan 1988). 
Along with the increase of the PRL-cell-volume densi ty an increase in 
pars d i s t a l i s volume was found (Chapter 5 ) ; thus the increase of the 
volume densi ty r e f l ec t ed the increase of t o t a l PRL-cell volume. During 
the same period the mean body weight was increased. In the work of 
Takahashi and Kawashima (1983) increased p i t u i t a r y and body weights were 
found in 18-month-old male Wistar/Tw r a t s as compared to 3-month-old 
r a t s , but a s i g n i f i c a n t increase in numerical densi ty of PRL c e l l s was 
not observed. However, a s i g n i f i c a n t l y l a rger number of PRL c e l l s was 
found in aged male Fisher 344 r a t s by (Phelps 1986). Cronin et a l . (1982) 
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showed in female rats, that a lesion in the medial basal hypathrflamus 
increased the PRL-cell-volume density, whereas ovariectomy decreased the 
PRL-cell-volume density. Thus, PHL-cell-voluiie density can be used as 
measure for PRL-cell activity. However, in none of the age-groups jn this 
study apomorphine treatment did affect the PRL-cell-volume densities. 
10.4.2 Prolactin-cell types in young and aged rats 
We distinguished four different PRL-cell types on the basis of 
the size and shape of the secretory granules. We adopted the classifica­
tion of Nogami and Yoshimura (1980, 1982) in order to avoid further 
confusion about cell nomenclature. However, on the basis of the stiHpe of 
the secretory granules in their type-II cell, this type was subdivided 
into cells containing only large round granules, type-IIA, and cells with 
small round and polymorphic granules, type-IIB (Chapter 6; van Putten and 
Kiliaan 1988). In young male rats most of the PRL cells consisted of 
cells with small or large polymorphic granules (type-IIB and type-III 
cells), the classical, easily recognizable PRL-cell type. In aged rats 
the percentage of this type was reduced to hardly '\Уі, whereas more than 
85°ί consisted of cells with small round granules (type-I cells). Thus, 
the relative number of the four different cell types changed dramatically 
during aging. This is in line with our previous observations. 
10.4.3 Prolactin-cell types in apomorphine-treated young and aged rats 
After low-dose apomorphine treatment of 2.5-month-old rats only a 
tendency to a decrease of the percentage of type-IIB cells and an 
increase of the percentage of type-I cells was observed. High-dose apo­
morphine treatment of 3.5-month-old rats resulted in a significant change 
in the distribution of the percentages of the PRL-cell types. The percen­
tages of type-IIA and type-III cells were decreased, whereas the percen­
tage of type-I cells was increased. Dose-dependency of the apomorphine 
effect therefore seems indicated. The dopamine agonist apomorphine is a 
potent inhibitor of PRL release. Its potency is even higher than that of 
DA itself (Caron et al. 1978; Foord et al. 1983; Enjalbert et al. 1982). 
The shift of PRL-cell types with polymorphic granules to PRL-cell types 
with round granules upon high-dose apomorphine treatment therefore 
suggests that the morphology of the latter cell types reflects inhibited 
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PUL release. We conclude that, for young rats, type-I cells represent a 
storage or rest phase in the secretory cycle of the PRL cell. In aged 
rats, changes in the distribution of the PRL-cell types were absent and 
this may lead to the conclusion that PRL cells in young animals are more 
sensitive to apomorphine, and thus probably to DA, than PRL cells in aged 
rats. Demarest et al. (1985) found an increased DA content in the 
pituitanes of aged male rats and concluded that DA was not able to 
inhibit PRL release due to impaired sensitivity of the PRL cells to DA. 
The greatest proportion of the PRL-cell population in our untreated aged 
rats, however, consisted of type-I cells, the same cell type that became 
dominant in young rats after high-dose apomorphine treatment and was 
considered to reflect an inhibition of PRL release. It is interesting to 
note that the dominance of this cell type in aged rats is consistent with 
the high DA content in the pituitary of aged- rats reported by Demarest et 
al. (1985). We conclude therefore that PRL cells in aged rats are under 
such a strong influence of DA, that no further inhibition by apomorphine 
is possible. 
10.4.4 Plasma prolactin levels 
No differences were found between the mean plasma PRL levels of 
young and aged male rats. This observation is in accordance with previous 
observations (Chapter 6; van Putten and Kiliaan 1988) and with the work 
of Shaar et al. (1975). Contrastingly, increased plasma PRL levels were 
reported by Gudelsky et al. (1981) and Simpkins et al. (1977). In the 
3.5-month-old rats treated with a high dose of apomorphine, a significant 
decrease in plasma PRL was found. We conclude that PRL release m young 
rats is highly sensitive to apomorphine. In the 24-month-old rats a 
similar high dose of apomorphine did not result in lower plasma PRL 
levels. Takahashi et al. (1980) found increased PRL levels in 3-month-old 
rats after treatment with chlorpromazine, a DA-antagomst, but a limited 
response in 18-21 month-old male rats. They concluded that the response 
of the regulation system of PRL release is changed in aged rats. We found 
no differences in the plasma PRL levels in young and aged untreated rats. 
By Müller et al. (1986) no increase was found of plasma PRL with ad-
vancing age in male Spraque-Dawley rats, despite reduction in activity 
of TIDA function. They suggested that old male rats have a higher suscep-
tibility to the inhibitory action of endogenously released DA. We con-
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elude that the absence of an effect of apoinorphine on the PRL release in 
aged rats may have the same cause as the absence of effect on the PRL-
cell type ratio: strong influence of the cells by endogeneous DA and/or 
reduced sensitivity to regulatory factors. 
A positive correlation cf plasma PRL level and relative number of 
type-III PRL cells was found in young rats and a negative correlation of 
plasma PRL and type-I cells was found in 3.5-month-old rats treated with 
a high dose of apoinorphine. We suggest that the rate of occurrence of 
type Ι Π and type I cells in young rats may be good parameters for PRL 
cell secretory activity. This correlation could not be found in aged 
rats. Thus, this study supports the proposal of Yoshimura (1906) to make 
a new concept for the classification of pars distalis cells, based on 
dynamic and chronological cytologic changes. 
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Chapter 11 
GENERAL DISCUSSION, SUMMARY AND CONCLUSIONS 
In this thesis, studies on age-related changes of the pituitary 
PRL cells dnd plasma PRL levels of male Wistar rats were described. The 
PRL cells were studied with the light- and electron microscope; the PRL 
content of the pituitary gland and the blood PRL levels of the same rats 
were estimated with biochemical methods. Rats of increasing ages were 
used and these age-groups covered the total life span. Some additional 
observations were made on aging male and female rats of three other 
strains. The total study was carried out: 
1) to establish whether changes occur in (ultra)structure, volume density 
(total volume) and secretory activity of the PRL cells during aging in 
male and female rats, and 
2) to establish whether these changes are related to plasma PRL levels. 
In former studies, dealing with the relation between PRL and aging, 
age-related changes of plasma PRL levels (Fuxe et al. 1986), number of 
PRL cells (Fakahashi and Kawashima 19Θ3) or the presence of PRL-producing 
adenomas (Trouillas et al. 1982) have been described. However, often 
plasma PRL levels of only two age-groups have been compared, whereas the 
morphology of the pituitary PRL cells of the same animals has not been 
taken into account. Moreover, specially for the male rat, contradictory 
results have been reported. To our knowledge, this is the first time that 
within the same rats a correlative study of the pituitary PRL cells and 
their relation with plasma PRL levels has been carried out and that the 
ages of the experimental rats covered the total life span of this 
species. Within this study a distinction has been made between "eugenc" 
and "pathogène" changes that occur during aging in the rat pituitary. 
Eugene changes were defined as age-related histological, ultrastructural 
and biochemical changes of the pituitary PRL cells. These histological, 
ultrastructural and biochemical changes were considered to be pathogène 
if macroscopical (increased pituitary size) or microscopical (compression 
of the surrounding tissue) signs, that pointed to the presence of a 
pituitary adenoma, were observed. Eugene changes will be discussed 
firstly and separately from the pathogène changes. For a detailed 
comparison with the literature the reader is referred to the discussions 
of the separate Chapters. 
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ЕШ-КІС CHANGES 
Histologically tumor free pituitary glands and blood PRL levels 
of aging male and female rats of the BN/BiRij strain, the WAG/Rij strain 
and their E-) hybrid (Chapter 3) and of Wi^tar Cpb:Wu males (covering 
their total life span; Chapter 5) were studied. 
At the start of this study an age-related increase of plasma PRE 
levels was expected on the basis of literature describing such an 
increase in male as well as in female rats (Chapter 1). Indeed, in female 
rats an age-related increase of serum PRL levels was found, but only till 
the age of 25-29 months (BN/BiHij females; Chapter 3). After this age, 
serum PRL levels were lower and in the oldest rats increased levels were 
not found. A similar pattern was found in females with hyperplastic 
pituitaries. The increase of PRL levels may be caused by the altered 
endocrine status of the females (high estrogen levels) and has only a 
temporary character or may point to the start of prolactinoma-develop-
ment. In male rats, only fluctuations of PRL levels were found. Thus, in 
contrast to literature a clear, continuous age-related increase in blood 
PRL levels could neither be detected in male nor in female rats. With 
respect to the male rats, our results are confirmed by studies described 
in recent literature, in which constant plasma PRL levels have been 
described (Bonetti et al. 19 7; Blackman et al 1986; Moller et al. 
1986). The explanations that have been given for (non-)changing PRL 
levels are contradictory. The finding, that an increased plasma PRL level 
was accompanied by an increased pituitary dopamine (DA) content in the 
aged female Long-Evans rat has been explained by Demarest et al (1985) by 
assuming a reduced sensitivity of the DA receptors of the PRL cells. On 
the contrary, in aged (25 months) male Sprague-Dawley (SD) rats, a 
reduced function of the tubero-infundibular dopaminergic (TIDA) neurons 
was found but no increased plasma PRL levels were reported by Müller et 
al. (1986). Therefore they concluded that old male rats have a higher 
susceptibility to the inhibitory action of endogeneously released DA. By 
Fuxe et al. (1986) increased plasma PRL levels were found in 14-month-old 
male SD rats, without the expected degeneration of DA nerve terminals in 
the medial palissade zone of the median eminence. These authors concluded 
therefore that alterations in endocrine environment of PRL cells 
(increased estrogen levels) account for increased PRL levels. Blackman et 
al. (1906) concluded from in vitro experiments, that PRL secretion 
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increased disproportionally to the rise in number of PRL cells in old 
female rats and stated that this finding further supports the hypothesis 
that there are age-related alterations in the functions of the PRL cells 
per se. 
In our study, clear age-related differences were found with 
respect to the histology of the PRL cells. An increase in PRL-cell-volume 
density was observed in middle-aged male and female rats, whereas these 
densities decreased during the last part of the life span. These changes 
were more obvious in male than in female rats and were extensively 
studied in the male Wistar rats. 
In young male Wistar rats, about 25% of the pars distalis cell 
volume was occupied by PRL cells. During aging, in particular during the 
first half of the total life span, the total PRL-cell volume increased 
significantly (Chapter 5). PRL-cell measurements on micrographs did not 
show any cell enlargement (Chapter 9), thus an increase of PRL-cell 
number must be kept responsible for the increase in PRL-cell volume. An 
increase in PRL-cell number in the male rat has not been found by others. 
In the second half of the life span, the total PRL-cell volume decreased 
and in the oldest rats, PRL-cell volumes reached values that were similar 
to the values found in young male rats. These light-microscopic 
observations on male rats were consistent with the results obtained after 
gelelectrophoresis (SDS-PAGE; Chapter 7). It appeared that the increase 
of PRL-cell volume was accompanied by an increase of PRL content of the 
pituitary gland and the decrease of PRL-cell volume was accompanied by a 
decrease of PRL content. In addition, similar patterns of changes were 
found in the pars distalis volume and the total body weight. Thus, 
positive correlations were present between body weight and pars distalis 
volume, body weight and PRL-cell volume/PRL content and pars distalis 
volume and PRL-cell volume/PRL content. These correlations point to the 
presence of allometnc relations rather than relations with aging. It is 
concluded that PRL-cell volume and age are only indirectly related. 
The distribution pattern of the PRL cells in the pars distalis 
and their ultrastructural features, however, showed clear age-related 
changes. During aging, a gradual change from a homogeneous into an 
inhomogeneous distribution of the PRL cells was observed with the 
lightmicroscope. At the electron-microscopical level the following four 
morphologically different PRL-cell types could be distinguished on the 
basis of the size and the shape of their secretory granules: 
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type-I cells: cells with round granules (150-2Я0 nm); 
type-IIA cells: cells with round granules (250-300 nm); 
type-IIB cells: cells with round an polymorphic granules ( 250-400 nm); 
type-Ill cells: cells with polymorphic granules ( 500-600 nm). 
In young male rats, most PRL cells were type-ІШ and -III cells. During 
aging, these two cell types gradually decreased in percentage and 
type-III cells were even absent in some old rats. At the same time a 
gradual increase of the percentages of type-I and-IIA cells occurred, 
which resulted in a high percentage of type-I cells in rats that reached 
their maximal age. For the young male rat it was demonstrated (Chapter 9) 
that type-III cells were larger and showed a lower granule density and 
more exocytotic profiles per granule than the other three cell types. 
Moreover, treatment of young male rats with the DA agonist apomorphine 
(Chapter 10) resulted in a decrease of plasma PRL levels and an increase 
of the percentages of type-I and -IIA cells. On the basis of the 
ultrastructural features described in Chapter 9 and of the results of the 
physiological experiment described in Chapter 10 it is concluded that, at 
least in the young male rat, the four cell types reflect four different 
stages in the secretory cycle of the PRL cell. This conclusion is similar 
to that of Nogami (1984). According to the findings in young rats it was 
expected that in aged rats, which contained more than 80οό type-I and -IIA 
cells, plasma PRL levels would be decreased and that exocytotic profiles 
would be absent. In Chapter 9, however, it was demonstrated that plasma 
PRL levels of aged rats were increased and that exocytotic profiles (even 
multiple exocytotic pockets) were present in the type-I cells. These 
results suggest that morphologically identical PRL cells of rats of 
different ages may differ in secretory activity and that interpretations 
exclusively based on cell morpholgy should be made with caution. This is 
also indicated by the work of Hymer et al. (1974) and Yoshimura (1986). 
The first author found that similar fractions of PRL cells of control, 
ovanectomized or estrogen-primed female rats released different amounts 
of PRL in vitro. The second author proposed a new classification of pars 
distalis cells, on basis of dynamic and chronological cytological 
changes. 
With respect to the secretory granules, Smets et al. (1987) found 
a higher labeling density of small granules in immature rats compared to 
the same granules in adult female rats and suggested that the labeling 
density reflects a difference in granule composition resulting from PRL 
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molecules oF diFFerent molecular weight with diFFerent antigenic charac-
teristics. Indeed, several authors have described the existence oF 
diFFerent molecular Forms oF PRL. Also in our work diFFerent molecular 
Forms oF PRL were observed but a distinct relation between PRL-cell type 
and molecular Form could not be established aFter SÜS-PAGE and immuno-
blotting oF pituitary homogenates oF rats oF increasing age (Chapter 7). 
Thus, in our opinion the staining intensity oF the secretory granules 
reFlects the prolactin content rather than the molecular Form oF PRL. On 
the basis oF the decreased intensity oF the immunoreactive staining 
product on small round granules, it is suggested that more exocytotic 
proFiles oF round than oF polymorphic granules are needed to increase 
plasma PRL levels. 
It appeared to be diFFicult to Find correlations between plasma 
PRL levels and PRL-cell morphology. Changes in plasma PRL levels might 
also be caused by age-related changes in metabolic clearance oF PRL 
(impairment oF renal Function or the binding capacity oF the target 
organs For PRL etc.). In the present study, only age-related changes in 
morphology oF the PRL cells and in plasma PRL levels were investigated. 
PATHOCLRIC CHANGFS 
From our work on male Wistar rats, it appeared that extremely 
increased plasma or serum PRL levels coincided always with the presence 
oF a macroscopically or microscopically visible pituitary adenoma 
(Chapter 5). In all strains we studied, an age-related increase in 
pituitary tumor incidence was present. The highest incidence was Found in 
the WAG/Rij strain. In the WAG/Rij strain, the BN/BiRij as well as in the 
F-| hybrid strain, pituitary adenomas were Found more in Female than in 
male rats. Thus, in addition to age, the occurrence oF pituitary adenomas 
was strain- and sex-dependent (Chapter 3). 
In our study, two types of adenomas were distinguished with 
immunocytochemical staining; an anti-r-PRL positive hemorrhagic adenoma 
and an anti-r-PRL negative solid adenoma. In Female BN/BiRij rats almost 
exclusively hemorrhagic adenomas were Found. In Female WAG/Rij rats both 
types were Found, although the percentage oF solid adenomas increased 
when the rats were older. Moreover, the impression was gained that in old 
male rats oF this strain solid adenomas outnumbered hemorrhagic 
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adenomas. Thus, the type of adenoma appealed to be strain-,age and sex-
dependent, just as the tumor incidence. Both types of adenomas co-
incided with increased serum PRL levels and were therefore considered to 
be prolactinomas. Rats with hemorrhagic adenomas showed higher serum PRL 
levels than rats with solid adenomas. Therefore, the suggestion of Ito et 
al. (1972), that in case of a PRL-neqative adenoma, PRL release is so 
high that no starnatale cytoplasmic PRL is present could not be con-
firmed. It might be possible that PRL produced by solid adenomas differs 
from PRL produced by hemorrhagic adenomas and is not recognized by the 
anti-r-PRL antibody used in this study. 
rONCLUSIONS 
1 Serum PRL peak levels were found in 25-29 month-old female BN/BiRij 
rats with histologically tumor free pituitary glands. The serum PRL 
levels of 30-36 month-old rats were lower than those found at the age 
of 25-29 months. Two conclusions may be drawn:1) only in the first half 
of the life span of the female BN/BiRij rat an age-related increase of 
serum PRL levels is present, which disappears in the second half of the 
life span, or 2) increased serum PRL levels point to the development of 
a prolactinoma, that is structurally still indétectable (Chapter 3). 
2 During aqing the homogeneous distribution of the PRL cells gradually 
becomes inhomogeneous (Chapter 5). This is caused by the development of 
anti-r-PRL positive and anti-r-PRL negative hyperplasia. Most pituitary 
hyperplasia coincide with increased PRL levels (Chapter 3). 
3 The increase of pituitary PRL-cell volume (Chapter 5) and the PRL 
content of the pituitary (Chapter 7) during the first half of the life 
span of the male Wistar rat and the decrease of both in the second half 
of the life span, coincide with parallel changes of pars distalis 
volume and body weight. This points to the presence of an allometnc 
relation between the PRL-cell-volume and pars distalis volume/body 
weight rather than an relation between PRL-cell volume and age. 
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4 At the ultrastructui al level, four different PRL-cell types appear to 
be present in the male rat. Oui ing aging a gradual shift in the distri­
bution of these cell types is found (Chapter 6). 
5 It is concluded that, at least in the young male rat, the four cell 
types are reflections of different stages within the secretory cycle of 
the PRL cell (Chapter 10). 
6 In aged rats, more than ΘΟ'ο of the PRL cells represent the cell type 
that is found in young rats after inhibition of PRL release with the 
DA agonist apomorphine. Therefore it is concluded that in aged male 
rats PRL release is under a strong inhibitory influence (Chapter 10). 
7 The plasma PRL levels of the aged male rats are neither increased (as 
has been repeatedly indicated in literature) nor decreased (as expected 
on the basis of ultrastructural features) when compared to the plasma 
PRL levels of young male rats (Chapters 5,7 and 10). Increased plasma 
PRL levels do not occur during normal aging; they occur only subsequent 
to the development of prolactinomas. 
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SAMENVATTING 
Tijdens veroudering worden soms hoge prolactme (PRL) waarden ge-
vonden in het bloed (mens, rat). Tevens is het bekend dat de spontane 
ontwikkeling van PRL producerende hypofyse tumoren meer voorkomt naarmate 
de leeftijd stijgt. In veel onderzoek, waarbij de rat wordt gebruikt als 
proefdier en dat handelt over de PRL waarden in het plasma tijdens 
veroudering ontbreken echter histologische gegevens over de PRL 
produLerende Lellen in de hypofyse. Daardoor kan de vraag of deze hoge 
productie wellicht samenhangt met PRL producerende micro- of 
macroadenomen niet worden beantwoord. Bovendien worden vaak slechts twee 
leeftijdsgroepen met elkaar vergeleken, zodat eventuele tussentijdse 
fluctuaties met worden opgemerkt en worden geen duidelijke definities 
gehanteerd omtrent de vraag "wat is oud". Dit laatste is van groot 
belang, daar de maximale levensduur sterk stam- en sexe afhankelijk is. 
Door de leeftijd te bepalen waarop 50% van de populatie is gestorven en 
de dieren die dan nog leven "oud" te noemen, kunnen gegevens van 
verschillende stammen op een correcte wijze met elkaar worden vergeleken. 
Uit ons onderzoek is gebleken dat in vrouwelijke ratten zonder 
hypofysetumoren PRL spiegels in het bloed weliswaar stijgen tijdens ver-
oudering, maar dat na het bereiken van de 50% overlevingsleeftijd ( ge-
middelde leeftijd) een daling in plasma PRL spiegels inzet. In de oudste 
dieren blijken de plasma PRL spiegels niet te verschillen van de spiegels 
die gevonden worden in jonge dieren. Tijdens deze periode zijn er geen 
dramatische veranderingen waargenomen in de hypofyse. Bij mannelijke rat-
ten daarentegen werden juist duidelijke veranderingen gevonden in de 
histologie van de hypofyse. Op lichtmicroscopisch niveau bleek het totale 
volume van de PRL cellen toe te nemen tijdens de eerste helft van de 
maximale levensduur, wat werd gevolgd door een daling in de oudste 
dieren, zodat het totale volume van de PRL cellen in oude en jonge ratten 
vergelijkbaar was. De verdeling van de PRL cellen over de pars distalis 
bleek echter veranderd te zijn. De PRL cellen in de oudste dieren vormden 
clusters. De lichaamsgewichten bleken te stijgen tot aan de 50% 
overlevingsleeftijd en daarna weer te dalen. Voor de volumes van de pars 
distalis en het totaal aan PRL cellen werd een /elfde curve gevonden, wat 
wijst op een directe, positieve correlatie tussen het volume van de PRL 
cellen en het lichaamsgewicht en een indirecte relatie met de leeftijd. 
De distributie van de PRL cellen heeft wel een directe relatie met de 
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leeftijd. Ook in de hypofysehomogenaten weid, gebruik makend van poly-
acrylamide-gplplectroforese geconstateerd dat de PRL inhoud van de hypo-
fyse in de dieren die de gemiddelde leeftijd hadden bereikt hoger was dan 
in de jongere of in nog oudere dieren. Electronenmicroscopisch konden 
vier verschillende PRL celtypen worden geïdentificeerd. Deze celtypen 
werden ingedeeld naar vorm en grootte van de PRL bevattende secretie 
granula. Tijdens veroudering treedt een verschuiving op in de freguentie 
waarin elk van deze typen voorkomt. De klassieke PRL cellen met grote 
polymorfe secretiegranula nemen snel af ten gunste van PRL cellen met 
kleine ronde granula. Dit laatste celtype kon worden geïnduceerd in jonge 
ratten, die behandeld waren met apomorfine, een stof welke de afgifte van 
PRL remt. Na behandeling bleken de PRL spiegels in het bloed te zijn ge-
daald. Gesuggereerd wordt, dat dit celtype een inactief stadium in de se-
cretonsche cyclus van PRL weerspiegelt. In oude dieren werden na apomor-
fine behandeling geen verschillen gevonden in de distributie over de cel-
typen noch in de PRL spiegels ven het bloed. Gp deze leeftijd zijn de PRL 
cellen, of is het regulerende systeem blijkbaar minder gevoelig voor far-
macologische manipulaties. Met behulp van tanmnezuur kon de hormoonaf-
gifte door de cellen in de hypofyse electronenmicroscopisch worden aange-
toond. Door vervolgens een immunolabeling met anti-r-PRL toe te passen 
konden specifiek de PRL cellen worden bestudeerd. Er is gebleken in jonge 
dieren dat cellen met polymorfe granula meer exocytose plaatsen bevatten 
dan cellen met ronde granula. Dit sluit aan bij het idee, dat cellen met 
polymorfe granula een actief (hormoon afgifte) stadium representeren. In 
de oude dieren werden ook in de cellen met ronde granula exocytoses 
gevonden. Hieruit blijkt dat cellen met een overeenkomstige morfologie 
zich in jonge en oude dieren niet op dezelfde manier gedragen. 
Met de resultaten die verkregen zijn uit de hele leeftijdreeks 
blijkt het niet mogelijk te zijn de plasma PRL spiegels te relateren aan 
de volumedichtheid en de morfologie van de PRL cellen. Door de hele leef-
tijdreeks heen werden fluctuaties gevonden in de PRL spiegels, terwijl 
het PRL celvolume een maximale waarde had in dieren van gemiddelde leef-
tijd en de ultrastructuur van deze cellen onderhevig was aan een geleide-
lijke verandering. Samenvattend kan gesteld worden dat m de mannelijke 
rat veranderingen in volumedichtheid en morfologie van de PRL cellen no-
dig zijn om PRL spiegels min of meer constant te houden. Als er deson-
danks hoge PRL spiegels worden gevonden gaan deze gepaard met de aanwe-
zigheid van een hypofysetumor. 
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